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Electricity is an invisible agent which manifests itself in 
various ways. The precise nature of electricity is not known, 
but the effects produced by it, the methods of controlling it, and 
the laws governing its action are becoming well known. 

Electricity may be considered under three heads: first 
mas^netism, — second, static eleetricity (where it appears as a 
charge upon bodies), — and third, — dynamic electricity (where 
it appears as a current). The sciences which treat of the two 
latter branches are called electrostatics and electrodynamics re- 
spectively. These divisions of the subject, although covering 
manifestations widely different, are closely related. 

MAQNETISM. 

Natural Mag^nets. Substances which have the property of 
attracting pieces of iron are called magnets. A material possess- 
ing this property was first found by the Ancients at Magiiesia, in 
Asia Minor, from which fact arose the name magnet. The nat- 
ural magnet is an oxide of iron and is also called the lodestone. 
It is widely distributed in different parts of the world, but is not 
always found possessing magnetic properties. 

Artificial Mas^nets. When a bar of hard steel is rubbed with 
a lodestone, the steel will acquire the same magnetic property 
and to a much greater extent. Such artificial magnets are there- 
fore always used in place of lodestones. 

Poles. When one end of a magnet is placed in iron filings 
and afterwards withdrawn, the filings are attracted and cling to it 
in great numbers. This is illustrated in Fig. 1. The filings 
would be attracted to the opposite end and would cling to it in the 
same way if it were placed in the filings. The middle of the bar, 
however, does not have this property, and toward the ends the 
power rapidly increases. The ends of the magnet, where the 
attiuction is the greatest, are called poles. 

A common example of a magnet is the compass needle. It 
is well known that such a needle always places itself so as to point 
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north and south, and that the same pole always points toward the 
north. This is called the north seeking pole^ while the other is 
called the south seeking pole^ or simply the north and south pole 
respectively. 

In the experiment with iron filings either of the magnetic poles 




Fig. 1. 

attracts them and there is apparently no difference between the 
two poles. That there is a difference, however, may be shown by 
experimenting with two compass needles. If the north poles of 
two such needles be brought near each other, they will be repelled. 
In the same way the south poles will repel each other. But when 



Bli 



■I 



Fig. 2. 

the north pole of one needle is brought near the south pole of the 
other, attraction takes place. This shows that like poles repel 
each other, while unlike poles attract each other. 

The fact that a compass needle always points north and 
south, or approximately so, is because the earth itself is a great 
magnet. The magnetic poles of the earth coincide very nearly 
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with the geographical north and south poles. The geographical 
north pole of the earth is unlike the north pole of a magnetic 
needle, and hence attracts it. 

The two poles always exist in a magnet. If, as illustrated 
in Fig. 2, a single magnet be broken into several parts, the sepa- 
rate parts will then become individual magnets. Each portion 
will have the same properties which the magnet as a wliole pos- 
sessed. When the separate parts are i)laced together again the 
many poles of the small portions will neutralize each other and 
the complete magnet will act as before. 





Fig. 3. Fig. 4. 

Magnetic Field, The space surrounding a magnet^ called 
the field, is subject to the influence of the magnet and is called it3 
magnetic field. The presence of such a field may be shown by a 
simple experiment. 

Suppose a sheet of paper be placed upon a bar magnet 
and iron filings spread evenly upon the paper; by tapping 
the paper lightly, the filings will form into a series of curved 
lines extending from one pole to the other. The form of these 
curves for a bar magnet is illustrated in Fig. 3. The formation 
of these definite curves indicates that the magnetic field exerts its 
influence in certain definite directions which are called the lines 
of magnetic force^ or simply lines of force. The field of a hoi*se- 
shoe magnet is represented in Fig. 4, and that about the end of a 
bar magnet is represented in Fig. 6. 
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Masrnetic Induction. It is because of this magnetic field that 
magnets have the power of atti-acting pieces of iron. When a 
piece of iron is brought under its influence, it becomes a tempo- 
rary magnet, and for the time being has its two poles. If the 
north pole of the permanent magnet is adjacent to the piece of 
iron, a south pole will be induced in the iron next to this north 
pole and a north pole in the portion farthest from it. The attrac- 
tion is then exactly similar to the attraction between two perma- 
nent magnets when unlike poles are brought together. This 
action of developing magnetism in iron is called magnetic 
induction. 

The attraction of iron is therefore due to the fact that the 





Fig. 6 Fig. 6. 

magnet first magnetizes it and then attracts it. When the iron is 
withdrawn from the magnetic influence it loses its magnetism. 
The experiment illustrated in Fig. 6 proves this to be true. 
When the upper ring of filoft iron is placed in contact with the 
bar magnet it becomes a magnet, having, say, a north pole 
at the top and a south pole at the bottom. When another 
ring is added, the first will in turn induce a north pole at 
the top and a south pole at the bottom of the second ring. 
When other rings are added, a similar action takes place and all 
the rings are supported. If, however, the first ring be removed, 
the others will immediately drop and will lose their magnetism. 

Magnetic induction explains the formation of tufts of iron 
filings which become attached to the poles of magnets. The fil- 
ings are temporarily converted into magnets ; these act inductively 
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on the adjacent parts, these again on following ones, and so on, 
causing them all to be attracted. They have a bush-like appear- 
ance, which is due to the repulsive action that the outside free 
poles exert upon each other. 

The attmction is greatest when the iron is in contact with 
the magnet, but actual contact is unnecessary to cause attraction. 
A sheet of glass, paper or wood, etc., may be placed between the 
magnet and the iron, and attraction will still be present. 

ria^netic Substances. Substances which are attracted by 
magnets when either pole is presented to them are called magnetic 
substances. Besides iron are included steel, nickel and cobalt in 
this class. A magnet is attracted or repelled by another magnet 
according to whether the poles near each other are unlike or like, 
but magnetic subfetances are always attracted. 

Retentivity. After a piece of soft iron is once magnetized it 
will, when removed from the influence of the magnet, lose sub- 
stantially all of its magnetism. On the other hand, a piece of 
steel or nickel will not be magnetized as much as soft iron, but 
will afterwards retain much of its magnetism. It resists being 
magnetized, and afterwards resists being demagnetized. This 
power of resisting magnetization or demagnetization is called 
retentivity. Steel has much greater retentivity than wrought 
iron, and the harder the steel the greater is the retentivity. 

riethods of riagnetization. Permanent magnets are usually 
made from steel, and the following are the common methods of 
magnetization : 

Magnetization by single touch consists in moving the pole of 
a powerful magnet from one end to the other of the bar to be 
magnetized, and repeating this operation several times, always in 
the same direction. The end of the bar touched last by the mag- 
net becomes of opposite polarity to the end of the magnet by 
which it has been touched. This method produces only a weak 
magnet, and is therefore used for small magnets only. 

Magnetization by divided touch consists in placing the two 
unlike poles of two magnets at the middle of the bar to be mag 
netized, and in moving them simultaneously towards the opposite 
ends of the bar. Each magnet is then placed in its original posi- 
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tion and the operation repeated. The bar becomes magnetized 
after repeating this several times on both faces of the bar. 

In magnetization \>y doMe touch the two magnets are placed 
as before, with opposite poles near each other, at the middle of the 
bar to be magnetized. Instead of moving them in opposite direc- 
tions toward the ends, they are kept at a fixed distance apart by 
means of a piece of wood between them, and are simultaneously 
moved first towards one end and then back towards the other, 
repeating several times an^ stopping at the middle. 

Magnets lose much of their magnetism when subjected to 
knocks or jars. 

STATIC ELECTRICITY. 

Friction as a Source. There are several sources of elec- 
tricity, such as friction, chemical action, heat* and induction. 
Friction as a source of electricity will now be considered. This 
relates to electricity existing as charges upon bodies, and is known 
as static electricity. 

When a glass rod or stick of sealing-wax is rubbed with a 
piece of flannel or silk, each acquires the property of attracting 
light bodies such ''" pieces of wool, paper, gold leaf, etc. After 
coming into contact with such substances, however, they will be 
repelled. This may be well observed by employing a pith ball 
suspended by a fine thread, as shown in Fig. 7. When the rod 
of glass or wax is brought near the ball it is strongly attracted. 
After contact is made, the ball will be strongly repelled. 

This repulsion is explained by the fact that when contact 
is made between the ball and rod, the ball receives part of the 
electricity from the rod. Both are then charged with the same 
kind of electricity, and the repellant action shows that two 
bodies thus charged, repel each other. 

Positive and Negative Electricity. Repulsion does not 
always take place between bodies charged with electricity. 
Either a stick of sealing-wax or a glass rod after being rubbed 
with silk will attract the pith ball until contact has been made, 
and then will repel it. The electricity developed in each of these 
cases, however, is not the same. After the pith ball has been 
touched with an electrified glass rod, it will be attracted by the 
electrified stick of sealing-wax; or if touched by the latter, it 
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will be repelled by it, but will be attracted by the glass roa. 
Such phenomena are explained by assuming that there are two 
kinds of electricity, which have been designated as positive (-[-) 
and negative ( — ) electricity. 

When the glass rod is rubbed with silk it is said to possess a 
positive charge, and when the wax is rubbed it is said to possess 
a negative charge. The pith ball having been touched by the 
glass rod is charged positively, and is therefore attracted by 
the negatively charged sealing-wax, or upon receiving a negative 
charge from the wax, it will be attracted by the glass. 

This action is expressed in the following law : 

Electric charges of the same sign repel each other; those of 
opposite sign attract each other. 

Production of Both Positive and Negative Electricity. 
When two substances are rubbed together neither positive nor 
negative electricity is produced 
alone, but both are produced at 
the same time and in equal quan- 
tities. After the friction, a posi- 
tive charge is found to exist upon 
one surface and a negative charge 
upon the other and in equal 
quantities. In the case of glass 
being rubbed by silk, the glass 
acquires a positive charge and 
the silk a negative charge. That 
the charges are equal is proved 
by the fact that if both of these 
charged bodies are presented to 

the pith ball at once, the latter will be neither attracted nor 
repelled. Also if the charges of both the glass and silk are 
imparted to a third body, the third body will have no resultant 
charge, since the two quantities of electricity being equal and of 
opposite sign, neutralize each other. 

Whether a body receives a positive or negative charge 
depends upon the material of the body with which it makes cor 
tact. Thus glass when rubbed by silk is positively chained, hm 
when rubbed by wool the glass is negatively charged. In *' - 
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following list the arrangement is such that each substance, when 
rubbed by one following it, will be positively electrified, but when 
rubbed by one preceding it, will be negatively electrtfied: Fur, 
wool, ivory, glass, silk, wood, metals, sealing-wax, sulphur, india- 
rubber, celluloid. 

Conductors and Insulators. Conductors are substances 
which readily allow electricity to pass from one portion of them to 
another ; that is, they readily conduct electricity. Insulators^ or 
non-conductors, are those substances which do not allow such free 
passage of electricity, or which offer a certain resistance to its 
passage. If one end of a glass rod is rubbed with silk or wool, 
the end so rubbed will be electrified, but the other end will pos- 
sess little or no charge. The electricity is not freely conducted 
from one part to another. When a metallic substance is charged, 
however, the electricity will be distributed uniformly over its 
surface. All substances offer a certain amount of resistance to the 
passage of electricity and no body entirely prevents its passage ; that 
?£, there is no perfect conductor, and there is no perfect insulator. 

There is no definite line of distinction between conductors 
and insulators, and some substances are neither, but may be 
termed semi-conductors or partial conductors. The ability of a 
body to conduct electricity, that is, its conductivity^ also depends 
upon its physical condition. For example, the conductivity of 
most bodies depends largely upon the temperature. The following 
list of substances is arranged in the order of increasing resistance. 



Conductors. 


Partial Conductors. 


Insulators, 


Silver 


Cotton 


Oils 


Copper 


Dry wood 


Porcelain 


Other metals 


Marble 


Wool 


Charcoal 


Paper 


Silk 


Water 




Resin 


The body 




Guttapercha 
SheUac 
Ebonite 
Paraffin 
Glass 
\ .. Air 
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From the preceding it is evident that silver is the best con- 
ductor and air is the best insulator. Copper, on account of being 
an excellent conductor and comparatively cheap, is used almost 
entirely for conducting electricity from power stations or from 
one point to another. Marble is a comparatively poor conductor 
and is therefore largely used for switcliboards. Porcelain and 
glass, being good insulators and having other desirable properties 
are much used for insulating conductois from their main sup 
ports. Water is a fairly good conductor, and considerable diffi- 
culty is consequently experienced in securing good insulation in 
damp places. 

Distribution of Charge. An electrical charge upon a con- 
ducting body is distributed over its surface. That it does not 
reside within the body may 
be shown in several different 
ways. For example, it is 
immaterial whether the in- 
side of u, conductor is com- 
posed of wood or glass, or if 
the conductor is hollow ; the 
charge in any case is dis- 
tributed over its surface. 

The ball A and covers Fie 8 

B and (7, shown in Fig. 8, 

may be used to prove this. Suppose the covers to be placed ovei 
the ball and the whole to be electrified. When the covers are 
removed, the entire charge will be found to remain with them, 
and none will exist upon the ball. 

Suppose the hollow sphere in Fig. 9 to be charged. If a 
conductor be inserted through the aperture and brought in con 
tact with the inside of the sphere and afterwards carefully with* 
drawn, it will be found that it has received no charge. If touched 
to the outside, however, the conductor will receive part of the 
charge. The conductor used for this purpose may be a thin piece 
of metal attached to an insulating handle. A metallic cylinder, 
even of wire gauze, may be used in place of the sphere. To 
prevent the charge from passing to the earth, the cylinder or 
sphere must be insulated from the earth by a glass standard. 
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We have seen that bodies charged with electricity of like 
sign repel each other. This may be taken as the explanation of 
the fact that a charge resides upon tlie surface. As it tends to 
repel itself, the charge resides as far from the centre of the body 
as possible. 

Static Influence. When a charged body is placed near 
bodies in a neutral state, it will act upon tliem in a manner simi- 
lar to that of a magnet upon soft iron. This action is said to be 
due to influence or to electrostatic induction. 

Induction of this nature may be made evident by means of 
a metal cylinder supported on a glass standard, as shown in Fig. 
10. The cylinder is supplied at each end with a pith ball sus- 
pended by a thread. Suppose a sphere charged with positive 
electricity and mounted upon an insulating standard be brought 

near one end of the cylinder ; 
the pith balls wiU at once fly 
outwardly, showing that the 
cylinder is then charged. If 
the sphere is removed, the pith 
balls will fall towards the ends 
of the cylinder again, showing 
that it is once more in the 
neutral state. Throughout this 
action the sphere has neither 
gained nor lost in the amount 
of its charge. Upon testing 
the temporary charge on the 
cylinder, it will be found that 
at the end near the sphere the 
electricityis negative while that 
at the distant end is positive. 
Bodies charged with electricity are surrounded by an electric 
field in the same way that magnets are surrounded by a magnetic 
field. With this in mind, the above experiment may be easily 
understood. When the charged sphere is brought near the cylin- 
der, the latter comes under the influence of the former's field. 
The lines of force from the sphere will pass to the cylinder, and 
therefore cause its electrification. Since unlike charges attract 
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each other and like charges repel each other, the sphere attracts 
a negative charge to the near end and repels a positive charge 
to the distant end of the cylinder. When the sphere is removed, 
the induced positive and negative charges neutralize each other. 
If the sphere possessed a negative charge, there would then be 
induced a positive charge at the near end and a negative charge 
at the distant end of the cylinder. Tlie middle portion of the 
cylinder, however, remains neutral, and the strength of the 
charges increases gradually towards the ends. If the cylinder be 
separated into two parts while under the influence of the charged 
body, the induced charges cannot unite after the removal of the 
sphere, and will then retain their charges. 

In the experiment illustrated by Fig. 10, there is consider- 




Fig. 10. 
able attraction exerted between the sphere and cylinder. The 
unlike and adjacent charges attract each other, but the like 
charges on the sphere and distant end of the cylinder repel each 
other. As the unlike charges are nearer each other than the like 
charges, the attraction overbalances the repulsion and there is a 
resultant attraction. This action is the same in effect as that of 
magnets upon soft iron. There is first the induction and then 
the consequent attraction. 

The greater the charge possessed by the sphere, the greater 
will be the induced charge upon the cylinder. Also, the nearc 
the two bodies are placed to each other, the greater becomes ^hf 
charge upon the cylinder, but the induced charge can n*^vt 
exceed that on the sphere. 

When the distance between the sphere and cylinder is ^' 
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ually decreased, tlie attniction between the unlike charges is in- 
creased. This will continue until the attraction is so great that 
the unlike cliarges abruptly unite, and in so doing cause a spark 
to appear in the small intervening space. The unlike charges are 
thus neutralized, but the repelled charge will still remain upon 
the cylinder. 

Free and Bound Charge. The two charges induced in the 
cylinder may be called free and bound charges. The unlike in- 
duced charge, which is represented as negative in Fig. 10, is 
^elerred to as the bound charge, because it is attracted by the 

charge upon the sphere and 
is thus confined. Therepelled 
charge, however, may escape 
by any path which is offered, 
and is therefore called the 
free charge. Hence if con- 
tact be made between the 
cylinder and the earth, the 
repelled charge will pass to 
the ground and the attracted 
charge will remain. If the 
contact with the earth is then 
broken and the sphere re- 
moved, a resultant charge 
will remain upon the cylinder, which will be opposite iii kind to 
that of the sphere. This resultant induced charge will then 
distribute itself uniformly over the cylinder and may be used 
to induce other charges. 

When bodies are thus charged by induction, the charge is 
always opposite in kind to that inducing it. On the other hand, 
when bodies are charged by conduction or by making direct con- 
tact, the charge imparted is of the same kind. Poor conductoi*s 
are not readily acted upon by induction, since they present great 
resistance to the passage of electricity. 

Electroscope. An electroscope is an instrument used for 
detecting the presence and determining the kind of electricity in 
any body. The gold-leaf electroscope shown in Fig. 11 is one 
of the common forms, and is a very sensitive instrument. It 




Fig. 11. 



ELEMENTS OF ELECTRICITY. 15 

consists of a glass jar with a metal rod passing through the stop- 
per and terminating at the lower end in two strips of gold leaf, 
and at the upper end in a metal plate or knob. 

When a charged body is brought near the plate, an unlike 
charge is induced therein, while a like charge is repelled to the 
two strips of gold leaf. The two strips, being then similarly 
charged, repel each other and diverge. When the charged body 
is withdi-awn, the strips will come together again. A rubbed 
glass rod will cause the strips to diverge even when two or three 
feet from the plate. 

In order to determine the kind of electrification a body 
possesses, the plate is first touched by a body charged with a 
known kind of electricity, say positive. The electroscope is then 
charged with positive electricity and the strips of gold diverge. 
The body to be tested is then brought near the plate. If the 
gold leaves then diverge more, the body is charged with positive 
electricity, but if they approach each /..i^ 

other, the body is charged with negative J^r 

electricity. ''^fife^k if f 

Electrophorus. This is an appara- ^^i\ W 
tus by which an unlimited number of ^^^^9^^^^B 

charges may be obtained from a single WKJ^-^^«P^^^S 
cliarge. It consists of a round cake of l^^^^^t^^^lSSKt 
resinous material (Fig. 12), formed in Kf^^^^^,^^ 1 ' _ ,,^ J^B 
a shallow metal pan, and a round metal ^ yyii»pwi(iiiiiM «^^^^ 
plate of sHghtly smaller diameter, pro- v lo 

vided with a glass handle. In using the 

electrophorus, the resin is first rubbed with a woolen cloth or 
with a cat's skin, and receives a charge of negative electricity. 
The plate is then placed on the cake. Owing, however, to the 
unevenness of the resin, the plate comes in contact with only 9^ 
few points, and on account of the non-conductivity of the resin, 
the negative electricity of the cake does not pass to the plate. 
On the contraiy, it acts by induction on the plate and attracts a 
positive charge to the under surface and repels a negative charge 
to the upper. The i)late is now touched with the fuir'^r. anr 
the induced negative electricity being repelled and fret jj-^^- 
off. The plate then retains a bound charge of ^)ositi^e e^<v -. 
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R^ which extend one on each side of the plate. These arms cany 
teeth in the form of combs which extend inwardly, but are not in 
contact with the plate. Electricity tends to escape from sharp or 
pointed projections, and round, polished surfaces are best adapted 
to retain a charge. A silk flap S is attached to the cushions and 
partially covers the plate. 

When the handle is turned, the frictional contact causes the 
rubber to be negatively electrified and the plate positively. The 
positive charge is carried around on the plate and acts inductively 
upon the prime conductor (?, repelling a positive charge to its 
distant end and attracting a negative charge. The negative 
electricity, being attracted by the positive charge on the plate, 
passes readily to it by means of the combs H^ and these charges 
are thereby neutralized. Hence that portion of the plate which 
has passed the combs retains no charge, but an induced, positive 
charge accumulates on the conductor 6r. Upon passing the 
cushions, that portion of the plate is recharged, and the action is 
repeated. The lower half of the plate is therefore always charged, 
and the other half is neutral. As each successive part of the plate 
passes the cushion it receives a positive charge, which is neutral- 
ized when it passes the combs. The flap S is used to reduce 
electrical leakage from the plate. When positive electricity is to 
be collected on G-^ conductor E is put in connection with the earth 
by means of a chain or wire, F. The negative electricity of the 
cushions is thereby neutralized. Negative eleckicity may be col- 
lected upon conductor E^ by connecting 6r to ground instead of 
conductor E. 

Condensers. A condenser is an apparatus for accumulating 
a lai-ge quantity of electricity on a comparatively small surface. 
The form may vary considerably, but in all cases it consists essen- 
tially of two conductors separated by a non-conductor, and its 
action depends upon induction. . 

In explaining the action of the condenser, the apparatus 
illustrated in Fig. 14 will be considered. The two plates A and 
JS are insulated conductoi-s, and (7 is a glass plate between them. 
Each of the conductor has a pith ball a and b connected with it. 
Let plate A at first be at such a distance from 5 as to be out of 
its sphere of influence. The plate B is then connected by the 
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conductor x^ to the positive conductor of an electrical machine, 
and receives a positive charge, which is distributed uniformly over 
its surface. The pith ball or pendulum b will diverge widely, and 
if connection with the charging machine then be broken, no change 
in the distribution of the electricity occurs. However, when 
pl;ite A is placed in the position shown, the distribution is consid- 
erably changed. This plate is connected to the earth by a con- 
ductor y. The positive charge on B now acts inductively across 
the intervening space and glass-plate (7, repelling a positive charge 
to the earth through y, and attracting a negative charge which 
resides on the face n of plate A. This negative charge now 
reacts upon the positive of plate B and attracts it. The uniform 
distribution on this plate is then disturbed and the positive elec- 
tricity accumulates on the face m of plate B. That the density of 
charge on the other portions of conductor B is diminished, is 
shown by the fact that pendulum b diverges less. Owing to 
there being less electricity on portions of B than before, B can be 
recharged until the pendulum diverges as much as at first. The 





Fig. 14. 

effect of plate A^ therefore, is to condense the electricity on face 
m of plate B and thus increase its capacity for more electricity. 
Electricity is then distributed over the entire surface of B^ but is 
much more dense on face m. If the connections x and y be broken 
and the plates separated so that they have no effect upon each 
other, the positive charge will* then be distributed equally over 
the surface of -B, and the negative charge equally over surface A. 
This is shown by the pendulums diverging much more than 

before. 

The nearer the plates A and B are to each other, and the 
greater their size, the greater the capacity of the apparatus ; that 
is, the greater may be the charge on B. 
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Leyden Jar. The Leyden jar is the most convenient form 
of condenser. It consists, as shown in Fig. 15, of a glass jar, 
coated within and without for about two-thirds of its height with 
tin foil. The stopper has a metallic rod passing through it which 
communicates with the inner coating by means of a small chain. 
The upper end of the rod terminates in a knob. The upper por- 
tion of the jar, the stopper and the supporting rod are usually 
coated with shellac to protect them from moisture. The inner 
coating corresponds to the collecting plate B of Fig. 14, the glass 
to the insulating plate C and the outer coating to the condensing 
Dlate A. 

The jar is charged by holding the knob to the prime conduc- 
tor of an electrical machine or other source of electricity, and con- 
necting the outer coating to the earth by a wire or 
chain, or by holding the jar in the hand. When the 
knob is presented to the positive conductor of the 
machine, positive electricity is accumulated on the 
inner coating and negative electricity on the outer 
coating. The positive charge acts inductively 
through the glass and repels a positive charge to the 
earth and attracts a negative charge on the inner 
face of the outer coating. The action of the jar is 
therefore the same as that of the condenser previously considered. 

The jar should be made of good glass, should be kept dry 
and free from dust. The thinner the glass the greater is the 
capacity, but if the glass is too thin it will not be effective in 
insulating the charges from each other. In sucli a case a spark 
will pass from one coating to the other directly through the 
glass. 

The jar may be discharged by connecting the inner and outer 
coatings by a conductor. If the outer coating be held in one 
hand, and the other hand be presented to the knob the pei-son will 
experience a severe shock, as the arms and body then provide a 
path for the electricity to unite. To eliminate danger in dis- 
charging, a pair of discharging tongs should be used. These con- 
sist of jointed brass lods provided with knobs at the separable 
ends and also provided with insulating handles. One of the 
knobs is brought in contact with the outer coating and the other 
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brought near the knob connected to the inner coating. A 
bright spark then leaps between these two knobs and the dis- 
charge is accomplished. , 

For the accumulation of powerful charges, a battery of jars 
is used. This consists of several jars, which have all the inner 
coatings or knobs connected together and all the outer coatings 
connected together. The battery is charged and discharged in the 
same manner as a single jar ; in fact, the batteiy is equivalent to 
a single jar having very large inner and outer coatings. Great 
care must be taken in charging or discharging a battery, as a 
shock received may be serious enough to i)rove fatal, 

DYNAHIC ELECTRICITY. 

Dynamic electricity or electrodynamics, considens the flow of 
electricity in currents. In the preceding pages the static charge 
has been considered, but it has been shown that such a charge 
may pass readily from one conducting body to another when a 
suitable path is provided. If electricity could l)e supplied just as 
fast as it flowed away, there would be a continuous flow, or current 
of electricity. Hence if one end of a wire is kept positive and the 
other negative, electricity constantly flows from one end to the 
other. This result may be obtained by chemical action, heat or 
induction. The latter method, which includes the movement of 
wires across a magnetic field, is used in the dynamo and is fully 
considered in following Instruction Papers. In all cases when a 
continuous current flows there must be w complete circuit provided. 

Voltaic Cell. A continuous current is obtained from the 
voltaic cell, and the source of the electricity is the chemical action. 
Such a cell is illustrated in Fig. 16. The glass jar A contains 
dilute sulphuric acid, in which are placed the copper plate C and 
the zinc plate Z, When a wire connects the two plates, as 
shown, a continuous flow of electricity takes place (as indicated 
by the arrows) from the copper plate through the wire to the 
zinc plate and through the liquid to the copper plate. The flow 
of current tends to neutralize the difl^erence in electrical condition 
of the plates, but the chemical action within the jar maintains 
this difference, "^his electrical difference between the plates is 
called the potential difference ; and the greater the amount of 
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potential difference, the greater is said to be the pressure, electro- 
motive force or voltage^ which causes a current to flow. The 
strength of the current passing depends directly upon the amount 
of this electromotive force. The current strength also depends 
upon the amount of resistance to its flow. If the circuit is short and 
made up of good conductors, the current will be much stronger 
than if it were long and made up of poor conductoi-s. 

Flow of Electricity. Electricity, although commonly de- 
scribed and referred to as flowing through a circuit does not actually 
flow. There is no transfer of matter along the circuit. A wire 
carrying a current looks the same as one that is 
not, and that electricity is present is only evident 
by the heating, chemical or magnetic effects pro- 
duced. It is convenient, however, to describe 
electricity as flowing, and this term sufiices for 
all practical purposes. 

In order to show the relation between elec- 
tromotive force, current and resistance, electric- 
ity flowing in a circuit is often compared to the 
flow of water in a pipe which connects two 
reservoirs containing water at different levels. 
When a clear path is provided, the water will 
flow from the reservoir at the higher level to the one at the 
lower level, and the greater the difference in the levels the 
greater is the pressure and consequent flow of water. Also 
the water will flow much faster through a short large pipe, 
than through a long and small one. Similariy, the greater the 
pressure or electromotive force the stronger is the current of 
electricity, and the greater the resistance of the circuit the 
less the current. This analogy mast not be too closely applied, 
however, for the reason that with water there is an actual transfer 
of matter. 

Internal and External Resistance. The circuit shown in 
Fig. 16 jnay be divided into two parts, — the internal^ which 
includes the plates and liquid, and the external circuit which con- 
sists of the wire connecting the plates. If this wire is small and 
long, it will have a high resistance and only a weak current will 
flow. The resistance of liquids as compared with metals is con- 
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siderable. The internal resistance of a cell may be reduced by 
haying the plates large and putting them close together. Gases 
are poor conductors of electricity, and hence tlie bubbles caused 
by the chemical action and which cling to the plates, gi'eatly 
increase the internal resistance. 





Fig. 17. 



Fig. 18. 



Chemical Action in tlie Cell. The essential elements of a 
voltaic cell are : a plate, which may be oxidized, such as zinc, a 
liquid capable of acting on this plate, such as sulphuric acid, and 
an inactive plate, such as copper. When the wire connecting the 
plates is broken, there is no current, but upon closing the circuit 
chemical action takes place and a current flows. The chemical 
reaction which occura is represented as follows : 

Zn + HgSO^ = ZnSO^ + H^, 
which is equivalent to saying that the zinc (Zn) combining with 
the sulphuric acid (HgSO^), produces zinc sulphate (ZnSO^) 
and free hydrogen gas (Hg). The hydrogen is given off as a gas 
from the liquid and zinc sulphate remains in solution. This 
action takes place as long as the current flows and depends upon 
the amount of current flowing. The zinc gradually dissolves into 
the liquid and the latter gradually becomes a solution of zinc 
sulphate. When the liquid no longer contains any acid or when 
the zinc is used up, the chemical action ceases. The spent liquid 
must then be replaced by a new acid solution and a new piece of 
zinc substituted. 
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Polarization. One great objection to the simple voltaic cell 
is that the current produced, rapidly decreases in strength after 
the circuit is closed for a short time. This is due mainly to the 
collection of hydrogen bubbles upon the surface of the copper 
plate. This coating of bubbles hinders the direct contact of the 
copper plate with the liquid as its effective area is reduced. This 
also greatly increases the internal resistance of the battery. . 

When this accumulation of hydrogen bubbles takes place, 
the cell ia said to be polarized. In order to reduce this action 
and so enable a cell to maintain a constant current for some time, 
single fluid cells have been largely replaced by double fluid cellso 
In these the inactive plate, about which the bubbles would other- 
wise collect, is placed in a liquid which chemically unites with the 
hydrogen. 

Among the numerous forms of cells now manufactured, the 
following are described as being among the most important. 

5mee's Celh In this cell, which is illustrated in Fig. 17, 
polarization is reduced by mechanical means. The cell consists 
of a silver plate, coated with a deposit of finely divided platinum, 
and suspended between two zinc plates in dilute sulphuric acid. 
The middle plate has a roughened surface due to the deposit of 
platinum, and the hydrogen bubbles therefore readily disengage 
from its surface and pass off. 

Bichromate Cell. This cell, shown in Fig. 18, has the zinc 
plate suspended between two carbon plates which are joined 
together at the top. The solution used is made up of dilute sul- 
phuric acid and bichromate of potash. The latter substance 
chemically unites with the free hydrogen and so prevents polari- 
zation. This solution also attacks the zinc, even when the circuit 
is open, and when not in use the zinc plate is raised above the 
solution by the rod A. 

Leclanche Cell. In place of the sulphuric acid solution, this 
cell is provided with a solution of ammonium chloride (sal- 
ammoniac), in which a zinc rod is placed. Within the jar contain- 
ing this solution if placed a porous cup, as shown in Fig. 19. 
This contains a rod of carbon, which is the inactive element, and 
closely packed about it is black oxide of manganese and powdered 
carbon. The oxide slowly gives off oxygen and so prevents 
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accumulation of hydrogen about the carbon. The porous cup, 
although it does not interfere with the passage of the current, 
protects the zinc from the action of the oxide. This cell is much 
used in connection with telephones and electric bells, or where it 
is desired to use it for only a few minutes at a time. If used for 
a long period, the current strength decreases, but quickly regains 
its original power when the current is interrupted. It is therefore 
well adapted for intermittent service. 

Daniell Cell. The Daniell cell (Fig. 20) is made up of an 
outer portion of copper, which serves as the inactive -element. 
Within this is a saturated solution of copper sulphate, and crystals 





Fig. 19. 



Fig. 20. 



of copper sulphate are provided in perforated cups at the top, so 
that they may dissolve and keep the solution saturated. A porous 
cup containing dilute sulphuric acid or zinc sulphate and a rod of 
zinc, completes the cell. The porous cup protects the zinc from 
the copper sulphate solution, and this solution prevents the 
hydrogen from accumulating about the copper. The hydrogen 
unites chemically with the copper sulphate forming sulphuric acid 
and free copper. The free copper is then deposited upon the out* 
side copper portion. The action is represented as follows : 

H2 + CuSO^ = H2SO4 + Cu, 
which is equivalent to saying that hydrogen united with copper 
sulphate produces sulphuric acid and copper. 

This cell is very constant in its action because, as long as the 
copper sulphate solution is saturated, no polarization can take 
place. This cell is much used in telegraphy, and is kept on a 
closed circuit, the interruption of the circuit being used to give 
the signals, instead of the closing of the circuit. 
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Grove Cell. In the Grove cell (Fig. 21) a hollow cylinder 
of zinc is placed in dilute sulphuric acid. Within this cylinder is 
a porous cup containing strong nitric acid and a strip of platinum 
for the inactive element. Polarization is prevented by the 
hydrogen uniting with the nitric acid. This cell has a low inter- 
nal resistance and can produce a strong current for several hours. 

Bunsen Cell, This is similar to the Grove cell, except that 
the platinum is replaced by a rod of carbon (Fig. 22). It has a 
slightly higher electromotive force than the Grove cell and is less 
expensive, but it has higher internal resistance. 





Fig. 21. 



Fig. 22. 



Gravity Cell. Where one of the two liquids used in a cell 
is heavier than the other, their difference in specific gravity may 
be depended upon to keep the liquids separate, instead of using a 
porous cup. The heavier liquid then remains at the bottom of the 
cell and the lighter one forms a layer above it. Fig. 23 shows 
such a cell, which is the same as the Daniell cell except that no 
porous cup is used. A copper plate at the bottom is surrounded 
by crystals of copper sulphate and covered with a solution of the 
same. The zinc is supported above this and in a dilute solution 
of sulphuric acid or zinc sulphate. The copper sulphate solution 
being the heavier remains at the bottom and prevents polarization. 
The two solutions do not remain entirely separated, however, as 
the heavier solution slowly diffuses upward. 

Dry Cell. In this cell, which is more properly called a moiBt 
cell, the usual liquid solutions are dispensed with, and in place of 
ibem the cell is provided with substances capable of retaining 
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moisture for a long time. These cells have the advantage of 
being very conveniently handled and are extensively used. One 
form of dry cell is shown in Fig. 24. In this cell the usual glass 
jar is replaced by a zinc tube or cup, to which a clamping screw 
is attached. Within this is a carbon rod forming the inactive 
plate and also provided with a clamping screw. The zinc is lined 
with a compound corresponding to the acid solution of other 
cells, and the carbon is surrounded by a semi-solid compound 
which acts to prevent polarization. After the ingredients have 
been placed in the cell, it is sealed at the top with bitumen or 
other similar substances. 

riAQNETIC EFFECTS OF ELECTRIC CURRENT. 

On the preceding pages magnetism, static charges of elec- 
tricity and the electric cuirent have been considered. It has 
been shown that static charges act very much like magnets in 
regard to attraction, repulsion, induction, etc.; but no connection 
between magnets and charges of electricity 
has yet been discovered. A static charge, 
either positive or negative, has the same 
effect upon the north pole of a magnet as 
upon the south pole. There is, however, 
a close relation between magnetism and the 
electric current. 

Deflection of the Hagnetic Needle^ We 
have seen that when a conductor connects two 
materials having a difference of potential be- 
tween them, that a current will flow as soon 
as the circuit is completed. This current causes the wire to be sur- 
rounded by a magnetic field, and the magnetic field consists of lines 
of force which encircle the conductor. The field is strongest near 
the conductor and diminishes gradually in strength at increasing 
distances therefrom. The presence of this magnetic field may be 
shown by the experiment illustrated in Fig. 25. When the pivot- 
ally supported magnet having poles If and S is placed near the 
wire carrying a current, the needle will be deflected and tend to 
place itself at right angles to the wire. The direction in which 
the needle is deflected will depend upon the direction of the 
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current, and whether the needle is above or below the wire. The 
amount of the deflection will depend mainly upon the current 
strength, length of the magnet and strength of its poles. This 
phenomenon is made use of in measuring the strength of currcntSv 
and is one of the fundamental principles of electrical 
measuring instruments. 

Solenoid. When an electric current is passed 
through a coil of wire such as is shown in Fig. 26, 
the coil becomes equivalent to a magnet, and has 
poles iV and S as indicated. Such a coil is called a 
solenoid. The magnetic field surrounding each turn 
of wire unites to form a magnetic field about the coil 
similar to that of a bar magnet, as shown in Fig. 3. 
If free to turn, the solenoid assumes a position such 
that its axis will point north and south, and thus 
acts like a compass needle. The same phenomena 
of atti-action and repulsion exist between solenoids. Fig. 24. 
or between solenoids and magnets, as exist between magnets. 
Which end of the solenoid becomes the north pole and which the 
south, depends upon the direction of the cuirent through the coil. 
Electromagnets. Since a solenoid is surrounded by a mag- 
netic field similar to that of a magnet, it follows that the solenoid 

*■ is capable of magnetizing pieces of 

soft iron and attracting them in 
the same way as does a steel mag- 
net. The field of a solenoid is 
strongest within its windings, and 
it follows that if a bar of soft iron 
is placed within the coil, the bar 
^' will be much more strongly mag- 

netized than if placed in any other position about the coil. A 
coil adapted to carry a current and provided with a soft iron 
core is called an electromagnet. In order to permit the wire to be 
closely wound and at the same time force the current through 
each turn, the wire is covered with insulation throughout its 
length. Such insulation may consist of a covering of silk, cotton 
or guttapercha. The core remains a magnet only while the cur- 
rent is flowing. 
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Electromagnets may be made very powerful, and when made 
in the form of a horseshoe have great lifting power. A horse- 
shoo electromagnet is shown in Fig. 27. The winding of the 
two coils A and B must be such that the ends of the horseshoe 
have opposite polarity. This condition is fulfilled if the winding* 




Fig. 26. 

on the two links is in the same direction, when the horseshoe is 
straightened out. 

Applications of Elect romag^nets. The great advantage in 
using the electromagnet lies in the control of its magnetism. 
When the current is passing, the core is strongly magnetized, and 
when no current flows it ceases to act as a magnet. Hence its 
action may be controlled by simply open- 
ing or closing the circuit by a key or switch, 
the source of the electricity being included 
in the circuit. This control of the magnet 
may be accomplished at great distances 
by merely extending the wires from the 
coil to the distant point and operating the 
switch or key at that point. 

Telegrapliic instruments are con- 
structed upon this principle, the closing 
of a key at a distant point causing the 
electromagnet to attract a piece of iron called its armature, sup- 
ported near its poles, and so give a signal. AVhen the current 
ceases to flow, the armature is forced away from the poles by the 
action of a spring, the force of the spring being overcome, how- 
ever, whenever the current passes. 

The electromagnet is also used in electric bells. The arma- 
ture carries a hammer which strikes against the bell whenever the 
armature is attracted. By the rapid opening and closing of the 
circuit, which is accomplished automatically, the hammer is made 
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These induced eurrentij are caused by the field surrounding 
the magnet moving or cutting across the wires composing the coiL 
If a current were passed through the coil, it would create a 
magnetic field, so on the other hand, the movement of a magnetic 
field within the coil* produces a current. It makes no difference 
whether the magnet or the coil is moved, so long as there is 
relative movement. This production of a current by the relative 

movement of a magnetic field and a con- 
ductor, is the fundamental principle of all 
djmamos. 

Induction by Currents. As a suien- 
oid is surrounded by a magnetic field 
similar to that of a bar magnet, it follows 
that if a solenoid carrying a current were 
thrust within another coil, induced cur- 
rents would be produced in the latter. 
This experiment is illustrated in Fig. 29. 
These induced currents, as in the case 
when the magnet is used, only flow during 
the motion of the solenoid. When the 
solenoid is inserted, the induced current 
^* flows in one direction and when with- 

drawn, it flows in the opposite direction. The insertion of the 
solenoid induces a current which has a direction opposite to that 
in the solenoid, and the withdrawal induces a current which has 
the same direction as that in the solenoid. 

Induction CoiL Suppose now that the two coils shown in 
Fig. 29 are placed one within the other, there being no current 
passing, and that a current is afterwards passed through the inner 
coil. Upon permitting the passage of a current in the inner coil 
a momentary current is induced in the outer coil, the same as 
if a magnet had been thrust into the coil. This induced current 
continues, however, only while the current in the inner coil is 
increasing in value from zero to its normal amount. As soon as 
this normal strength is reached the induced current ceases to flow. 
Now when the circuit of the inner coil is broken and its current 
ceases to flow, another momentary current is induced in the outer 
coil, which has a direction opposite to that formerly passed 
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These induced currentij are caused by the field surrounding 
the magnet moving or cutting across the wires composing the coil. 
If a current were passed through the coil, it would create a 
magnetic field, so on the other hand, the movement of a magnetic 
field within the coil* produces a current. It makes no difference 
whether the magnet or the coil is moved, so long as there is 
relative mov(»ment. This production of a current by the relative 

movement of a magnetic field and a con- 
ductor, is the fundamental principle of all 
djmamos. 

Induction by Currents. As a suien- 
oid is surrounded by a magnetic field 
similar to that of a bar magnet, it follows 
that if a solenoid carrying a current were 
thrust within another coil, induced cur- 
rents would be produced in the latter. 
This experiment is illustrated in Fig. 29. 
These induced currents, as in the case 
when the magnet is used, only flow during 
the motion of the solenoid. When the 
solenoid is inserted, the induced current 
flows in one direction and when with- 
drawn, it flows in the opposite direction. The insertion of the 
solenoid induces a current which has a direction opposite to that 
in the solenoid, and the withdrawal induces a current which has 
the same direction as that in the solenoid. 

Induction Coil. Suppose now that the two coils shown in 
Fig. 29 are placed one within the other, there being no current 
passing, and that a current is afterwards passed through the inner 
coil. Upon permitting the passage of a current in the inner coil 
a momentaiy current is induced in the outer coil, the same as 
if a magnet had been thrust into the coil. This induced current 
continues, however, only while the current in the inner coil is 
increasing in value from zero to its normal amount. As soon as 
tliis normal strength is reached the induced current ceases to flow. 
Now when the circuit of the inner coil is broken and its current 
ceases to flow, another momentary current is induced in the outer 
coil, which has a direction opposite to that formerly passed 
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through it. Such an instrument for producing induced currents 
is called an induction coil. The coil through which the original 
cun-ent is passed is called the primary coil, and that in which the 
currents are induced is called the secondary coil. The induction 
coil is the fundamental principle of transformers, commonly used 
in long distance power transmission. 

Fig. 30 illustrates an induction coil having the two sets of 
windings A and B and also supplied with a soft iron core C. 
This iron core greatly increases the amount of induction. 

The production of induced currents by opening and closing, 
or making and breaking the primary circuit, is similar in action 
to thrusting a magnet within and withdrawing it from a coil. 
When a magnet is used, the induction is caused by the magnetic 



A is secondary coil. 
B is primary coil. 



Fig. 30. 

field moving across the wire composing the coil. Now when the 
primary circuit is closed, a magnetic field is created, which is 
equivalent to thrusting a magnet within the coil. The breaking 
of the primary circuit is equivalent to withdrawing the magnet, 
and so induces a current. The current induced by closing the 
primary circuit is opposite in direction to that of the primary 
current, and that induced by breaking the primary circuit is in 
the sam^ direction as the primary current. The induced currents 
are only caused by the changing in strength of the magnetic field 
surrounding the secondary circuit. Therefore, while a constant 
current is passing in the primary circuit, there will be no induced 
currents. When the strength of the primary current changes, 
however, secondary currents will be induced. The strength of 
these induced currents will depend upon the abruptness of change 
in the primary current, and their direction will depend upon 
whether the primary current increases or decreases. 

It should be remembered that before a current can flow there 
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Fig. 31. 



must be a closed circuit, and an electromotive force. A current 
flows in the secondary circuit only when it is closed, but the 
electromotive force exists whether or not the secondary circuit is 
closed. Strictly speaking the electromotive force is first produced 
or generated, and the current then flows when the circuit is closed. 
The value of the electromotive force generated in the secondary, 
depends upon the number of turns in the same ; a much higher 
electromotive force being generated in a coil of a hirge number of 
turns than in a coil of a few turns. This fact is of great practical 

importance, for it thus pro- 
vides a means of obtaining 
very high electromotive 
forces. 

Fig. 31 illustrates an 
induction coil arranged to 
generate a veiy high elec- 
tromotive force, and for 
producing sparks between 
widely separated points. 
The primary coil consists of a few turns of coarse wire, and 
about this is the secondary coil made up of many thousand 
turns of fine wire, all of which are well insulated. In the 
primary circuit are connected a few Grove's or Bunsen's cells 
and a switch for interrupting the circuit. The making and 
breaking of the primary circuit generates a very high electro- 
motive force in the secondary. Sparks of considerable length may 
be produced between the terminals of the secondary by this type 
of coil. A condenser is used in connection with the device, in 
order to decrease the electromotive force induced by closing the 
primary circuit, and to increase that induced by opening the 
primary circuit. The sparking therefore occurs at the breaking of 
the primary circuit. A powerful induction coil made at London, 
in which the secondary coil contained 280 miles of wire womid in 
340,000 turns, yields a spark 42^- inches in length, when worked 
by 30 Grove's cells. 

Mutual and Self-induction. Induction produced in one con- 
ductor by currents in another, which has no electrical connec- 
tion with the first, is called mutual induction, 'VVe have see^ 
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that mutual induction is caused by the change in strength of the 
magnetic field surrounding the secondary coil. The primary coil 
must necessarily be subject to the same change in field strength, 
which is therefore acted upon inductively as well as the secondary 
coil. This reaction tends to oppose any increase or decrease in 
the primary current. It is greater for a coil having a large num- 
ber of turns or one provided with an iron core. This inductive 
action of a coil upon itself is called self-induction. Electro- 
magnets have very high self-induction. Upon closing the circuit 
in such a coil its self-induction causes the current to increase in 
strength veiy slowly, and upon opening the circuit self-induction 
tends to prolong the current, and produces what is termed au 
" extra current." The high electromotive force causing this extra 
current, may be sufficient to give a dangerous shock, and produces 
a bright spark where the circuit is opened. 

HEATING EFFECTS OF CURRENT. 

Heatins^ Depends upon Resistance. We have seen that 
some substances are veiy good conductors of electricity, that 
others are fairly good and that others are very poor conductors. 
That is, some substances offer very much more resistance to the 
flow of electricity than others. In order to force the current 
through this resistance, a certain amount of energy must be 
expended and the greater the resistance, the greater is the amount 
of energy required. The energy which is thus coasumed, appears 
in the form of heat. From every part of a circuit through which 
a current is flowing, heat is dissipated, and this heating raises the 
temperature of the circuit a certain amount. A short, stout 
copper wire has low resistance, and so causes but little heat to be 
genemted. Also on account of its large radiating surface, this 
heat is readily given off to the surrounding air, and therefore its 
temperature is raised only to a small extent. A fine platinum 
wire, however, has high resistance and but small radiating surface, 
hence if the same current be passed through this wire, it will come 
to a high tempei-ature and may even become incandescent. 

The laws of heating in electrical circuits were first formulated 
by Joule. Joule's law is as follows : 

J!he mrnber 0/ heat units developed in a conductor it fromf* 
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tional to its resistance^ to the square of the currenty and to the time 
that the current lasts. 

The amount of heat developed therefore increases in direct 
proportion to the resistance, but increases as the square of the 
current. Hence doiibUng the resistance, doubles the heat gener- 
ated, if the current remains the same, but doubling the current 
increases the genei-ation of heat four fold with the same 
resistance. 

Applications. The heating of a wire carrying a cuirent is 
made use of for lighting purposes, and again for blasting, explod- 
ing sub-marine mines, etc. Conducting wires are run from the 
explosive material to a distant point, and include a battery and 




Fig. 32. 



piece of fine platinum wire in the circuit. Some combustible 
substance is placed around the platinum, and serves to ignite the 
main charge when the platinum wire is heated. Upon closing the 
circuit this wire becomes hot and the explosion takes place. 

This principle of heating is also applied to fuses^ used for 
the protection of electric lighting or power circuits. The fuse 
consists of an easily fusible metal which is inserted in the circuit. 
The passage of an excessive or dangerously large current heats 
the fuse to its melting point and so breaks the circuit. The 
cause of the large current may then be removed and a new fuse 
inserted in place of the old one. 

Electric welding is accomplished by passing a powerful cur- 
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rent through two rods held together. The heating at the junction 
softens the metal and the rods become welded. 

The electrical heating of cars and of cooking utensils is 
accomplished by passing a current through wires of high resist- 
ance. 

Thermo-Electric Currents. If the junction of two dissimilar 
metals forming part of a circuit, is heated, a current is produced. 
If a piece of bismuth and a piece of antimony be soldered together 
and form part of a circuit, then if the junction be heated to a tem- 
perature higher than that of the rest of the circuit, a current will 
flow in the direction from bismuth to antimony through the heated 
section. If the junction be cooled below the temperature of the 
rest of the circuit, a current will flow in the opposite direction. 
The current will continue to flow as long as the difference in 
temperature is maintained. Currents thus produced are called 
thermo-electric currents. This phenomenon is commonly known 
as the Seebeck effect from the name of its discoverer. 

About the only application of the above phenomenon is made 
to instruments for detecting very slight differences in temperature. 
These are arranged so that a very small rise in temperature of a 
bismuth and antimony junction, will generate a current which 
may be measured by a sensitive instrument in the circuit. Other 
metals may be used but the effect is not nearly so pronounced. 

CHEHICAL EFFECTS OF CURRENTS. 

Electrolysis. When a current of electricity is piissed through 
water from one terminal of a circuit to the other, the water is 
decomposed into its constituent parts, hydrogen and oxygen. The 
hydrogen gas rises in bubbles from one terminal and the oxygen 
gas from the other. Fig. 32 illustrates an arrangement of appar- 
atus by which this decomposition may be attained, and by which 
the gases may be separately collected. The current from a couple 
of cells is conducted through one wire to a vessel containing 
water, then through the liquid and through the other wire to 
the cells. Pure water is a poor conductor, and a few drops 
of sulphuric or hydrochloric acid are added to increase its conduc- 
tivity. The two terminals project through the bottom of the 
vessel and over each of them is placed a tube closed at the upper 
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end and filled with water. The gas given off from each terminal 
rises and collects in the upper poi-tion of the tubes. Oxygen 
rises from the terminal by which the current enters the liquid 
and hydrogen from the terminal by which it leaves. Oxygen is 
therefore collected in one tube and hydrogen in the other. Two 
volumes of hydrogen and one volume of oxygen unite to form 
water, and hence in its decomposition the volume of hydrogen col- 
lected is twice that of the oxygen. 

Other liquids may be decomposed by passing a current through 
them, and this process of decomposition is called electrolysis. 
Liquids which maj' be decomposed in this manner are called 
electrolytes. The terminals by which the current enters and 
leaves the liquid are called electrodes. The anode is that terminal 
by which the current enters and the kathode is that by which it 
leaves the liquid. 

Some liquids such as oil, which is an insulator, and mercury 
which is itself an element, cannot be decomposed by an electric 
current. Dilute acids however, and solutions of metallic salts are 
readily decomposed. 

For an example of the decomposition of a salt we will take a 
solution of copper sulphate for the electrolyte. The current from 
a single cell is sufficient to decompose this salt. By passing the 
current through the liquid, metallic copper is separated from its 
compound and is deposited in a pure state upon the kathode. 
The remainder of the compound unites with the water to form 
sulphuric acid and oxygen. The latter rises in bubbles from the 
anode. The final result therefore, is that the kathode receives a 
coating of pure copper and the liquid becomes dilute sulphuric 
acid. If the anode consists of copper, it will dissolve into the 
liquid forming copper sulphate as fast as the pure copper is 
deposited upon the kathode. In this case the action of the cur- 
rent is to transfer the copper from the anode to the kathode. 

The amount of chemical action in an electrolytic cell depends 
upon the strength of current, and the time it continues. 

Electrotyping. The decomposition of salts by the electric 
current has received k most important application in electrometaU 
lurgy. By this process exact reproductions may be made of 
t^pe, ^\^\fiv casts, medo-ls, etc? lu the usual process a ww moald 
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of the object is first made, and this is coated with graphite or 
powdered bronze to render it a good conductor. The mould is 
then suspended in, and forms the kathode of an electrolytic cell. 
For the formation of a copper lelectrotype, the anode is a plate of 
copper and the electrolyte is copper sulphate. The passage of the 
current produces an exact reproduction of the original object on 
the wax mould. Even the faintest lines are accurately reproduced. 

Electroplating. By this process the cheaper metals may 
receive a thin coating of gold, silver, nickel, etc. The objects to 
be plated are suspended in the electrolytic cell and form the 
kathode. In electro-gilding the electrolyte is a solution of double 
cyanide of gold and potassium, and a plate of gold forms the 
anode. This plate dissolves into the liquid as fast as the gold 
coating is deposited upon the objects to be coated. For electro- 
silvering a double cyanide of silver and potassium and a plate of 
silver are used. Iron objects are usually coated with a copper 
deposit before being gilded, silvered or nickeled. The copper 
presents a better surface for the other metals and gives more 
durable results. 

Accumulators, also called stoi-age or secondary batteries, 
consist of cells which are capable of giving out electrical energy, 
in virtue of the chemical change caused by first passing a current 
through them from an external source. 

The simplest type of accumulator is called the Plante battery 
from the name of its inventor. This cell consists simply of lead 
plates in dilute sulphuric acid. The plates are ''formed" or made 
active by repeatedly " charging " and " discharging " the cells. 
That is, a current from an outside source is passed through the 
cell from one plate to the other, and then by connecting the plates 
by a wire a current will flow until the potential of each plate is 
the same. By repeated charging and discharging, the capacity of 
the cell is greatly increased. No electricity is stored up by the 
plates as with the Leyden jar, but the effect is due entirely to a 
chemical change on the surface of the plates. By repeated charg- 
ings this chemical change penetrates deeper and deeper into the 
plates and thus increases their capacity. The current received 
from the cell flows in m opposite direction to tbftt b^ which th^ 
mU i$ charged. 
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THE TELEGRAPH. 

Having considered the electromagnet and the effect pro- 
duced in a core of soft iron, by a current of electricity which 
passes through a coil of insulated wire surrounding it, we are pre- 
pared to apply these principles to the electric telegraph. 

Various devices have been tried, with more or less success, 
for transmitting and recording signals from one point to another. 

The apparatus used in one of these early attempts caused 
sparks from Leyden jars to pass through a circuit. Another was 
operated by means of a galvanometer needle which was deflected 
to the right or left. 

None of these attempts were of any practical value except 
that they served to lead up to the telegraph of the present day. 
There are now two successful methods of operating telegraph lines ; 
namely the "Open Circuit" and the "Closed Circuit " systems. 
The former is used in Europe and its chief advantage is that no 
energy is consumed from the batteries except when signals are 
actually being transmitted. The latter system which is used 
almost entirely in America, has on the other hand, advantages 
which offset this. On account of its greater importance in this 
country we will consider more in detail the " Closed Circuit '* 
system. 

In its simplest form this system consists of three principal 
parts connected in series in the circuit: 

1. A key for transmitting the signals. 

2. An instrument for receiving these signals. 

3. A battery which furnishes the current to operate it. 
The riorse Sounder. The instrument most commonly used 

for receiving the signals is the Morse sounder, shown in Fig. 33. 
It consists essentially of an inverted electromagnet E of the horse- 
shoe type. This electromagnet differs somewhat from the one 
shown in Fig. 27, in that it is made up of two cores and a yoke 
or back strap B in order to furnish a better bearing for the electro- 
magnet upon its base than would be possible with one having a 
rounding back. Above the poles of this magnet, an armature A 
of soft iron is attached to a pivoted lever L of non-magnetic 
material, which is controlled by a spring S. When a current 
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passes through the coils of this electromagnet, the cores become 
magnetized and attract the armature downward. Just before it 
touches the poles of the electromagnet however, the lever to which 
it is attached, strikes a metallic stop F and a click is heard. 
When the current ceases to flow, the cores of the electromagnet 




Fig. ;^. 

lose their attractive force. The armature is then carried upward 
by means of the spring which acts on the lever to which the 
armature is attached. The lever then strikes against another 
stop D and another click is heard. The range of stroke or play 
of the lever is adjusted by set screws. 
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If the dui-ation of time of current flow is very short, the 
interval of time between these two clicks will be correspondingly 
short. The signal in this case would be a " dot." If the inter- 
val between the two clicks be longer, the signal would be a dash. 

In this manner by a telegraphic code, consisting of different 
signals made up of dots, spaces and dashes for all the letters o*^ 
the alphebet and numbers, it is possible to send and receive me^ 
sages. Beside the "Sounder" described above in which th. 
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receiving operator depends entirely upon sound for the message, 
there are also in use the " Embosser " and the " Ink Writer.'* 

In the first a sharp point attached to the armature lever cuts 
the dots or dashes in a strip of paper moved past it by clock 
work ; in the second the dots and dashes are recorded on the 
moving paper by an inked wheel. These last two methods are, 
however, little used by expei*t operator. 

The ilorse Key. The Morse Key or instrument by which 
the signals are controlled is shown in Fig. 34. 




Fig. S4. 

It is composed of a pivoted lever L fitted at one end with a 
circular plate P on which the fingers of the operator rest. The 
key is secured to the base by two thumb screws A and T, to 
which the terminals of the circuit are attached. The screw A is 
in electrical connection with the main body of the key, including 
the lever. The screw T is insulated from the rest of the key by 
some non-conducting material, and terminates in a platinum point. 

On the under side of the lever and immediately above this 
point is another platinum tip which, when the lever is pressed 
down, makes contact, thus completing the circuit through the key. 

The lever is kept in proper position when not in use, by a 
spring D and the length of its stroke is controlled by an adjust- 
able set screw. A switch S, for closing the circuit when the 
instrument is not in use, completes this piece of apparatus. 

The Battery. The battery used for operating the circuit is 
either the Daniell cell shown in Fig. 20 or the Gravity cell shown 
in Fig. 23. In th« '' Closed Circuit " system the batteries are 
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required to furnish current nearly all the time and these cells are 
remarkably well adapted for this purpose as they do not polarize 
and require very little attention other than keeping them supplied 
with copper sulphate and removing the zinc sulphate. 

The number of cells used depends upon the length of the 
line and resistance of the instruments in the circuit. 

In actual practice there is a key and sounder at every station 
on the line, all being connected in series together with a sufficient 
number of cells to furnish the current. The switches of all the 
keys being closed, a current will flow through the electromagnets 
of all the sounders. 

When an operator wishes to communicate with a certain 
station, he opens the switch of his key, thus breaking the circuit 
and he can then by means of the lever, call the station and send 
any message he desires over the line. This message will, of 
course be simultaneously signalled by all the sounders on the 
circuit. 

When the operator finishes his message he closes the switch 
and is then prepared to receive the reply. 

The Relay. In the case of long lines having many instru- 
ments in series, the main current would not be strong enough to 
properly operate the receiving sounder directly, and the relay 
is then resorted to. 

This instrument consists of a horizontal electromagnet, hav- 
ing a large number of turns in its coils, in series with the main 
line. It has an armature somewliat like that of the sounder 
already described. It is however more delicately balanced so 
that less magnetic force is required to attract it. 

When the line current flows through the relay, this armature 
is drawn against its stop, and thus it makes contact for a local 
circuit including a Morse sounder and sufficient batteries to 
work it. 

In this manner, the main or line current, although not strong 
enough to oi)erate the sounder directly, can be made to control 
the sounder in the local circuit, by means of the relay, the arma- 
ture of which plays the same part in the local circuit as does the 
key in the main circuit when manipulated by the opemtor. 
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THE TELEPHONE. 

The modem telephone was invented in 1876 by Alexander 
Graham Bell and Elisha Gray. Up to this time, many attempts to 
perfect a successfid speaking apjiaratus had been made but they 
were all failures. One cause of lack of success was the fact that the 
inventors had little or no knowledge of acoustics. 

In order to understand tlie operation of the telephone, it is 
necessary, first of all, to understand the principles underlying the 
production of sound, or of acoustics. Sound is produced by vibra- 
tions in the air set up by whatever may be the cause producing 
the sound. These vibrations strike the eardrum, and the sensa- 
tion of sound is conveyed to the brain. The pitch depends upon 
the rapidity of the vibration, the loudness upon the amplitude, and 
the quality upon the form of the vibration. 

The simplest sort of vibration is that set up by a musical tone, 
and to give an idea of the rapidity of vibrations for a specific case 
it may be stated that the musical tone known as middle C is set 
up by 256 vibrations per second. The vibrations set up by the 
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voice in speakir*^ are of a much more complex nature in every 
way, and on this account the earliest telephones could reproduce 
musical tones, but could not transmit speech. 

The earlier telephones served to transmit and reproduce the 
vibrations of the voice by means of electromagnetic induction. A 
typical telephone circuit in its simplest form is shown in Fig. 35. 
There are two similar instruments, one at each end of the circuit; 
we may consider one the transmitter and the other the receiver. 
M and M^ are two permanent bar magnets on the ends of which 
are coils of fine insulated wire C and C^. In front of the mag- 
nets are thin elastic disks of ^heet iron, D and D^, commonly 
known as the diaphragms. Let us consider the left-hand instri;- 



EiifiMEJ^l^S OlF ELECTRICITY. 



43 



ment the transmitter, and the other the receiver. The permanent 
magnet M sets up a certain number of magnetic lines of force 
through the coil C, and as the diaphragm D offers a path of lower 
magnetic resistance than the air, many of these lines pass through 
it. When we speak close to the diaphragm D, the air vibrations 
cause the diaphragm to vibrate. As it approaches the magnet M 
more magnetic lines pass through the diaphragm, and when it re- 
cedes fewer lines pasa. through it. This action alters the number 
of magnetic lines which pass through the coil C, and hence alter- 
nating currents are induced in it which are proportional in strength 
to the rate of change of the number of lines. 

These currents also pass through the coil C^ at the receiving 
end of the line, and according to the direction in which they flow 
around the magnet M^, alternately add to or tend to neutralize its 
strength. When the current strengthens the magnet, it causes it 
to attract its diaphragm D^, and when the current decreases the 
strength of the magnet, the diaphragm moves away. In this man- 
ner the diaphragm at the receiving end is made to vibr-^te in exact 
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unison with the one at the transmitting end, and thus similar vi- 
brations of the air are set up, reproducing the sounds spoken into 
the transmitter. 

The above arrangement has been somewhat modified in the 
telephone of the present day, and it has been found more con- 
venient to have a separate transmitter at each end of the circuit 
The transmitters now in use operate on entirely different princi- 
ples, but the receiver is essentially the same. 
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Receivers. There me two coihinon forms of i-eceiver: the 
single-pole and the bipolar type. 

A single-pole receiver of the Bell tyi)e is shown in section in 
Fig. 36. It consists of a haixl rubber case H, in which is placed 
the laminated or compound l)ar magnet of steel M. This magnet 
is composed of two sets of bars separately magnetized; clamped 
between them l)y means of screws is the pole piece of soft iron A 
at one end and the block F at the other enJ. Upon the pole piece 
is placed a coil of fine insulated copi^er wire B ; connection being 
made from it to the binding posts C C by means of heavy wires 
L L. The binding posts are attached to the end piece P, which 
is held in i)lace ])y tlie screw S which threads into the block F, 
and thus serves also to keep the magnet in position. The cap E 
screws to the case and supports the diaphragm D, which is a flexi- 
ble disk of soft iron. The diaphragm is placed a short distance in 
front of the pole piece of the magnet, and the portion directly 
opposite it is free to vibrate. 

This instrument is l)eing supplanted to a great extent by the 
bipolar receiver, which differs from the single-pole receiver in that 
the t)ermanent magnet, instead of l)eing straight, 
is constructed upon the horse-shoe principle. 
This brings both poles in position to act on the 
diaphragm, giving increased strength of field, and 
consequently making the instrument more efficient. 
A soft^iron pole piece is secured to each end of 
the magnet, and a coil of insulated copper wire is 
mounted on each i)ole piece. 

At the present time the single-pole receiver 
is sometimes used for local work, while the bipolar 
receiver is employed both for this and for long- 
distance work. There is also another form of re- 
ceiver known as the watch-case type, which is used 
to some extent for desk sets and at the exchange switch-board. 

Transmitters. The type of telephone just described was 
originally used as the transmitter as well as the receiver, and for 
short distances, in which tlie line resistance was small, gave fairly 
good results. 

It is now the practice to use this instrument as the receiver 
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only, and to use a different form of instrument, together with a bat- 
tery, for the transmitter. The action of this transmitter depends 
upon the fact, that if the resistance of a circuit is increased, the 
current will be decreased, and if the resistance is decreased, the 
current will be increased. This variation in resistance is produced 
by varying the pressure between one or more carbon contacts. If 
the pressure is increased, the resistance is decreased, and if the 
Pressure is decreased, the resistance is increased. 

There are three types of transmitter: in the first but one 
carbon contact is used for varying the resistance, in the second 
several contacts are used, and in the third granular carbon is 
employed, thus giving a very large number of contacts. 

The Blake transmitter, a section of which is shown in Fig. 37, 
is an example of the first type. This instrument, in common with 
all other transmitters, has a diaphragm D somewhat similar to that 
of the receiver. This is supported in a rubber ring, and is held In 
place by two damping springs not shown in the cut. Mounted 
upon a light spring S, and resting against the back of the center 
of this diaphragm, is the front electrode, which is a platinum pin. 
Directly back of this piece of platinum, a carbon button B, which 
forms the other electrode, is supported by means of a spring 
C, so adjusted that the carbon button bears lightly against the 
platinum pin. The tendency of the spring S is to press the plati- 
num pin away from tlie diaphragm ; but this is overcome by the 
stiffer spring C which bears in the opposite direction, and so keeps 
the platinum in contact with the diaphragm. The electrode B is 
mounted in a comparatively heavy socket of brass A. Both 
electrodes can move freely with the vibrations of the diaphragm ; 
but the carbon, on account of the inertia due to the weight of the 
brass socket, moves more slowly than the other. Any vibration 
of the diaphi-agm will, therefore, result in a variation of the pres- 
sure between the two electrodes, and thus vary the resistance of 
the contact. 

The two springs S and C are insulated from each other, and 
the current goes to the contact point l)y means of one spring and 
leaves by the other. The adjustment of the pi-essure is effected 
by means of the screw E, which bears against the lever Ti. 

This transmitter is quit^ satisfactory for lines of n)oderate 
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length, and is used to some extent at the present time. It is, how- 
ever, somewhat difficult to keep in adjustment, and is not well 
adapted for long-distance work. 

The second tyi)e of transmitter mentioned is not much used 
in this country, and a description need not Ije given. 

The most conunon form of transmitter, and the one which is 
rapidly rei)lacing all others, is the Hunnings or granular carbon, 
type. This, as originally planned by its inventor, consists of two 
insulated plates of conducting material which forms the elec- 
trodes of the transmitter, the space between them being filled 
with granular carbon. The general fonn of tliis instrument is 
shown in Fig. 38. D is the diaphragm of metal or carbon which 
is cLinijxid between the bcxly of the case C and the cap A by 
means of screws. Another conducting plate B, of metal or 
carbon, is placed in the back of the case, and the space between 
D and B is filled with granular carbon. The conducting plates 

D and B form the electrodes or ter- 
minals of this transmitter. When the 
chaphragm is S2x)ken against, it of 
course vibrates, and thus varies the 
pressure upon the numerous contact 
points of the granular carbon through 
which the current must flow to pass 
from one electrode to the other, and 
thus the i-esistance is varied as in the 
Blake instrument. Larger currents can 
be used with the Hunnings type of 
transmitter than vnth other sorts, and 
it has the further advantage of allow 
ing a greater variation of resistance. 

The transmitter which is used 

almost entirely at tie present time is 

known as the "solid back," being a 

modification of the Hunnings type just. 

^^* * described. The case, which is of metal 

and hollowed out to contain the working parts of the instrument, 

is enclosed by a brass cover, which also carries the mouth piece. 

The metal diaphrag;m is supported in a rin^ of soft rubber 
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attached to the back of the cover. The electrodes are enclosed 
in a metal chamber which is lined with insulating material. 
This electrode chamber is secured by means of a set screw to a 
metal bridge which is attaciied to the back of the cover by means 
of screws. Both electrodes are of carbon, being in the form 
of discs somewhat smaller in diameter than the containing cham- 
ber. The space between the electrodes is filled with granular car- 
bon as is also the space between the circumference of the discs and 
the insulated walls of the chamber. The rear electrode is mounted 
upon a brass disc which is screwed to the back of the chamber, 
thereby holding the electrode securely in place. This electrode 
being in metallic connection with the containing chamber, is 
in electrical connection, through the bridge and cover, with 
the frame of the transmitter which thus becomes one of the 
terminals. 

The front electrode is also backed by a brass disc which is 
attaciied to the metal diaphragm of the transmitter by means of a 
stud which passes first through a jnica washer that serves to en- 
close the electrode chamber, and then through the center of the 
diaphragm. This stud is fitted with two threads, upon one of 
which is screwed a nut which clamps the mica washer to the 
electrode, and upcm the other two nuts which clamp the electrode 
to the diaphragm. A brass collar, which screws to the periphery 
of tlie electrode chamber, binds the mica washer securely against 
it. Connection is made to the front electrode, which is the 
second tenninal, by means of a fine wire biought out to a binding 
post mounted upon an insulated block. 

The vil)rations of the diaphragm are conmuinicated directly to 
the front electrode, which thus varies the i)ressure upon the mass 
of granular carbon and consequently serves to vary the resistancCc 
Two damping spnngs rest against the diaphragm, thus keeping 
the amplitude of its vibrations within reasonable limits, and 
checking them as soon as they have performed their part, leaving 
the diaphragm ready to obey the impulses due to the succeeding 
sound waves. 

This tiansmitter ojierates in a veiy satisfactory manner; ex- 
cellent (jontiict is made between the carbon electrodes and the 
particles of granular carbon. Tackinnf of tlie granules is pre- 
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vented on account of the space between the peripheiy of the 
electrodes and the inner circumference of the chamber, which 
contains gninules that do not become heated by the passage of 
tlie current. Hence when the granules between the electrodes 
become heated they can expand into this portion. 

The transmitters of tliis ty^je manufactured by different com- 
panies vary slightly in minor details of construction, but all 
operate upon practically the same principles. 

Simple Telephone Circuit. The earliest form of teleplione cir- 
cuit consisted simply of two Bell receivei-s connected in series. 
The one which was being used as a transmitter served as a very 
small generator which S3nt alternating currents over the line, and 
these acted upon the instrument at the other end of the circuit, 
which was, for the time being, used as a receiver. 

After the invention of the carbon transmitter the circuit con- 
sisted of a transmitter and receiver at each end of the line, to- 
gether with the batteries which furnished the power, all connected 
in series. This arrangement did not give satisfactory results for 
many i-easons, but the use of tlie induction coil overcame the dif- 
ficulties previously met with. 

A typical circuit with the induction coil is shown in Fig. 39. 
Here T is the transmitter, B the battery, P the primary and S the 
secondary of the induction coil, and R the receiver. The primary 
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circuit contains the transmitter, batteries, and primary of the in- 
duction coil, while the secondary circuit contains the receiver and 
secondary coil. When the transmitter at one end of the line is 
spoken into, the resistance of the primary circuit is varied, and 
this in turn varies the strength of the current passing through the 



ELEMENTS OF ELECTRICITY. 49 

primary of the induction coil. Consequently alternating currents 
are induced in the secondary coil which pass over the line and act 
upon the receiver at the opposite end. 

The action of the induction coil has already been described. 
The coil used in telephone work has a core made of soft iron 
wires. Upon this is wound the primary coil, consisting of a ccm- 
paratively small number of turns of coarse insulated copper wire, 
and outside of this, and carefully insulated from it, is the secon- 
dary coil in which are a great many turns of fine insulated copper 
wire. Without the induction coil, it is probable that the long dis- 
tance telephone in its present state of perfection would have been 
impossible. Its use allows the resistance of the circuit in which 
the transmitter acts to be very small ; with the result that the 
effects of the variations in resistance due to the transmitter are 
comparatively large. This low resistance also permits a larger 
current to flow with a given number of cells of battery. The 
electromotive force of the secondary current is high, thus being 
well adapted to overcome the high resistance of the receivers, 
secondary coils, and line wires. Still another advantage lies in the 
fact that if the transmitter were connected directly in the main 
circuit, its effect would be to cause the current in the line to vary 
in strength but not to change in direction. In other words, the 
current would be undulating but not alternating. However, better 
results are obtained if the current which actuates the receiver be 
an alternating one, and this is of course the nature of the current 
in the secondary of the induction coil. 

Batteries. In telephone work the batteries are required to 
furnish current for only short periods of time, and the Leclanche 
cell is admirably adapted for the purpose. It requires very 
little attention and will furnish a comparatively large current for 
a short time. Moreover, although these batteries polarize in a 
short time if kept on a closed circuit, they recover very quickly 
when the circuit is opened. 

The Fuller cell is also used to a considerable extent. In this 
cell the plates are zinc and carbon ; dilute sulphuric acid is the 
excitant, and either bichromate of scnlium or bichromatt* of potas- 
sium may be used as the de[)olarizer. The zinc is placed in a 
porous cup, in the bottom of which is a small quantity of mercury 
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which serves to amalgamate the surface of tlie zinc and thus pre- 
vent local action between tlie zinc and the impurities which it 
contains. This cup is then filled with a solution of sodium chlo- 
ride (or connnon salt) dissolved in water. In the battery jar is 
tiie solution of dilute sulphuric acid and bichromate of sodium or 
potassium. The porous cup is put into the j:ir, and the carbon 
suspended through an opening in the cover which fits over the 
jar. This cell is excellent for telephone work ; it has a high 
voltage, low internal resistance, and does not deteriorate on open 
circuit. 

Tlie gravity battery, already described, and the storage bat- 
tery are used in teleplione work when constant service is re- 
quired. Dry cells are also used extensively, particularly in 
intercommunicating sets, on account of their cleanliness and 
convenience. 

The Magneto-Generator. The above-described equipment 
serves to transmit and receive messages, but it is also necessary 
to supply some sort of calling device. The simplest apparatus for 
this purpose consists of an ordinary bell or buzzer operated fi-om 
batteries, and this system is used commonly to-day for office sets 
where the distance between stations is small. 

For long distances it is, however, impracticable to use this 
system for calling, and recourse is had to the magneto, which is 
described in another section. This consists of a generator having 
[)ermanent field magnets and a shuttle armature which is wound 
with many turns of fine insulated copi^er wire. The armature 
is rotated at high speed by means of a small pinion on its shaft 
which meshes with a larger gear which is turned by means of a 
crank. This machine furnishes an alternating current, and hence 
it is necessary to use a j)olarized bell or ringer in connection with 
it, so constructed as to operate with an alternating current. 
Magneto-generators are designated by the resistance through 
which they will ring, being spoken of as a 10,000-ohm, 20,000- 
ohm generator, etc. 

At the exchange it is quite common to use a power-driven 
magneto-generator, which may be djiven from a small direct or 
alternating current motor. Also in some cases the motor-generator 
is used to supply current for ringing purposes. 
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Circuits of the Telephone. A complete telephone set is made 
up of three distinct circuits : one for the calling apparatus, one 
for the transmitting apparatus, and one for the receiving appa- 
ratus. The calling apparatus includes the generator and ringer, 
the transmitting apparatus consists of the transmitter, batteries, 
and primary, and the receiving apparatus consists of the receiver 
and secondary of the induction coil. 

When the telephone is not in use the calling apparatus must 
be connected with the line while the transmitting and receiving 
circuits are both open. On the other hand, when the telephone 
is used for talking, the calling circuit should be opened, the trans- 
mitting circuit should be closed, 
and the receiving circuit should be 
connected to the line. These re- 
sults are accomplished automati- 
cally by means of the switch-hook 
upon which the receiver is hung. 
This hook is depressed when the 
receiver is in place, and raised by a 
spring when it is removed. In this 
manner the desired connections are 
made at the proper time. 

There are two types of tele- 
phone, differing somewhat in the 
details of their construction and 
connections, known as the series 
telephone and the bridged tele- 
phone. 

The circuits of a series telephone are shown in Fig. 40. A 
and B are the line terminals, and C the ground connection for 
the lightning arrester. When the receiver is on the hook the 
switch is in the position shown. The generator G and ringer D 
are in series across the line, through contact point 1, the gen- 
erator being automatically cut out by the shunt E, when not in 
use. When the receiver is removed, the contact at 1 is broken, 
and contact is made at points 2 and 3. The primary circuit is 
tlien closed on itself, while the secondary circuit, contiiining the 
receiver and secondary of the induction coil, is cut in on the line. 
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Below there are tliree pairs of binding posts, to one pair of 
which the receiver R is connected, to another are connected the 
terminals of the primary circuit containing the transmitter T, the 
buttery B, and primary P of tlie induction coil, while the second- 
ary S of the induction coil is connected to the third pair. 

Connection is made to the bell through the hinges of the 
box upon the door of which it is mounted. It is customary to 
use a ringer of 80 to 120 ohms resistance with series telephones. 
(.)n account of this low resistance many series telephones cannot 
l)e bridged because it would be impossible to ring a number of 
them in multiple. Moreover, many series telephones could not 

be connected in series, because, 
since all the ringers would be con- 
stantly in the circuit, it would be 
impossible to talk through them. 
I G jjp 2^ Hence this type of telephone is 

j ^ II II p J Y ^^^^ almost exclusively for city ex- 

change work, not more than two 
telephones being connected on a 
line. 
(h &) (^ (sn ^ ^ The circuits of the bridged tel- 

U J ^^ I ephone are shown in Fig. 41. The 

ringer coils are permanently bridged 
across the line. The generator is 
also bridged, the circuit through it 
.-. I being open when it is not in use, 

" 1 but being closed, usually automati- 

^^* ' cally, when the generator is in oper- 

ation. When the receiver is taken from the hook, contact is 
made at points 1 and 2 for the primary and secondary circuits as 
in the series telephone. 

The permanently bridged ringer does not interfere with the 
action of the receiving circuit, since its coils have a resistance of 
about 1600 ohms, and are wound so that their self-induction is 
large. Thus they offer a high impedance to the currents in the 
receiving circuit because of the extreme rapidity with which they 
alternate. For this reason a number of these telephones can be 
bridged upon one circuit, thus forming a party line. 
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There are three general methods of constructing lines, namely, 
the grounded circuit, the metallic circuit, and the common return. 
In the common return the circuit is completed through a copper 
wire instead of through the ground as in tlie grounded system, 
thus eliminating the noise induced by earth currents. 
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THE ELECTRIC CURRENT* 



Electromotive Force. When a difference of electrical poten- 
tial exists between two points, there is said to exist an electro- 
motive force^ or tendency to cause a current to flow from one point 
to the other. In the voltaic cell one plate is at a different potential 
from the other, which gives rise to an electromotive force between 
them. Also in the induction coil, an electromotive force is created 
in the secondary circuit caused by the action of the primary. This 
electromotive force is analogous to the pressure^ caused by a dif- 
ference in level of two bodies of water connected by a pipe. The 
pressure tends to force the water through the pipe, and the 
electromotive force tends to cause an electric current to flow. 

The terms potential difference and electromotive force are 
commonly used with the same meaning, but strictly speaking the 
potential difference gives rise to the electromotive force. Electro- 
motive force is commonly designated by the letters U. M. F. or 
Bimply JS^. It is also referred to as pressure or voltage. 

Current. A current of electricity flows when two points, at 
a difference of potential, are connected by a wire, or when the 
circuit is otherwise completed. Similarly water flows from a high 
level to a lower one, when a path is provided. In either case the 
flow can take place only when the path exists. Hence to produce 
a current it is necessary to have an electromotive force and a closed 
circuit. The current continues to flow only as long as the electro- 
motive force and closed circuit exist. 

The strength of a current in a conductor is defined as the 
^tiantity of electricity which passes any point in the circuit in a 
unit of time. 

Current is sometimes designated by the letter (7, but the 
letter /will be used for current throughout this and following 
sections. The latter symbol was recommended by the Interna- 
tional Electrical Congress held at Chicago in 1893, and has since 
been universally adopted. 
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Resistance. Resistance is that property of matter in virtue 
of wliicli bodies oppose or resist the free flow of electricity. Water 
passes witli difficulty through a small pipe of great length or 
through a pipe filled with stones or sand, but very readily through 
a large clear pipe of short length. Likewise a small wire of con* 
siderable length and made of poor conducting material offers gi*eat 
resistance to the passage of electricity, but a good conductor of 
sh 3rt length and large cross section offers very little resistance. 

Resistance is designated by the letter R, 

Volt, Ampere and Ohm. The volt is the practical unit of 
electromotive force. 

The ampere is the practical unit of current. 

The ohm is the pmctical unit of resistance. The microhm is 
one millionth of an ohm and the megohm is one million ohms. 

The standard values of the above units were very accurately 
determined by the International Electrical Congress in 1893, and 
are as follows : 

The International ohm, or true ohm, as nearly as known, is 
the resistance of a uniform column of mercury 106.3 centimeters 
long and 14.4521 grams in mass, at the temperature of melting 
ice. 

The ampere is the strength of current which, when passed 
through a solution of silver nitrate, under suitable conditions, 
deposits silver at the rate of .001118 gram per second. CuiTent 
strength may be very accurately determined by electrolysis, and 
it is used therefore in deteimining the standard unit. 

The volt is equal to the E. M. F. which, when applied to a 
conductor having a resistance of one ohm, will produce in it a 
current of one ampere. One volt equals \^^% of the E. M. F. of 
a Clark standard cell at 15® Centigrade. 

RESISTANCE- 

All substances resist the passage of electricity, but the resist- 
ance offered by some is very much greater than that offered by 
others. Metals have by far the least resistance and of these, silver 
possesses the least of any. In other words, silver is the best con- 
ductor. If the temperature remains the same, the resistance of ^ 
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conductor is not affected by the cuiTent passing through it. A 
current of ten, twenty or any number of amperes may pass through 
a circuit, but its resistance will be unchanged with constant tem- 
perature. Resistance is affected by the temperature and also by 
the degree of hardness. Annealing decreases *the resistance of a 
metal. 

Conductance is the inverse of resistance ; that is, if a conduc- 
tor has a resistance of R ohms, its conductance is equal to 

R 

Resistance Proportional to Lens:th. The resistance of a 
conductor is directly proportional to its length. Hence, if the 
length of a conductor is doubled, the resistance is doubled, or if 
the length is divided, say into three equal parts, then the resist- 
ance of each part is one third the total resistance. 

Example. — The resistance of 1283 feet of a certain wire is 
6.9 ohms. What is the resistance of 142 feet of the same wire ? 

Solution. — As the resistance is directly proportional to the 
length we have the proportion, 

required resistance :6.9: : 142: 1283 
required resistance 142 



or, 



6.9 1283 

142 



Hence, required resistance = 6.9 X 



1283 
= .76 ohm (approx.) 

Ans. .76 ohm. 

Example. — The resistance of a wire having a length of 521 
feet is .11 ohm. What length of the same wire will have a 
resistance of .18 ohm? 

Solution. — As the resistance is proportional to length, we 
have the proportion, 

required length : 521 : : .18 : .11 
required length .18 



or, 



521 .11 



18 
Hence, required length = 521 X ~ 



11 
= 852 feet (approx.) 

Ans. 852 feet 
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Resistance Inversely Proportional to Cross-Section. The 

resistance of a conductor is inversely proportional to its crossHseo- 

tional area. Hence the greater the cross-section of a wire the less 

is its resistance. Therefore, if two wires have the same length, 

but one has a cross-section three times that of the other, the 

resistance of the former is one-third that of the latter. 

Example. — The ratio of the crossnsectional area of one wire 

257 

to that of another of the same lensfth and material is . The 

^ 101 

resistance of the former is 16.3 ohms. What is the resistance of 

the latter ? 

Solution. — As the resistances are inversely proportional to 

the cross-sections, the smaller wire has the greater resistance, and 

we liave the proportion : 

required resist. : 16.3 : : 257 : 101 

required resist. 257 

^'' lO 101 

257 
Hence, required resist. := 16.3 X -j-r 

= 41.5 ohms (approx.) 

Ans. 41.5 ohms. 

Example. — If the resistance of a wire of a certain length 

and having a cross-sectional area of .0083 square inch is 1.7 ohms, 

what would be its resistance if the area of its cross-section were 

.092 square inch ? 

Solution. — Since increasing the cross-sectional area of a wire 
decreases its resistance, we have the proportion, 

required resist. : 1.7 : : .0083 : .092 
required resist. _ .0083 



or. 



1.7 .092 

.0083 



Hence, required resist. = 1.7 X 



.092 
= .15 ohm (approx.) 

Ans. .15 ohm. 
As the area of a circle is proportional to the square of its 
diameter, it follows that the resistances of round conductors are 
inversely proportional to the squares of their diameters. 

Example. — The resistance of a certain wire having a dianL 
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eter of .1 inch is 12.6 ohms. What would be its resistance if the 
diameter were increased to .32 inch ? 

Solution. — The resistances being inversely proportional to 
the squares of the diameters, we have, 

required resist. : 12.6 : : .l^ : .322 



or, 



required resist. _ .1^ 



12.6 .322 

.12 



Hence, required resist. = 12.6 X ^no2~ 

_ 12.6 X .01 

.1024 
=1.23 ohms (approx.) 

Ans. 1.23 ohms. 
Specific Resistance. The specific resistance of a substance 
is the resistance of a portion of that substance of unit length and 
unit cross-section at a standard temperature. The unit commonly 
used is the centimeter or inch, and the temperature that of melting 
ice. The specific resistance may therefore be said to be the 
resistance (usually stated in microhms) of a centimeter cube or 
inch cube at the temperature of melting ice. If the specific 
resistances of two substances are known then their relative resist- 
ance is given by the ratio of the specific resistances. 

Conductivity is the reciprocal of specific resistance. 
Example. — A certain copper wire at the temperature of 
melting ice has a resistance of 29.7 ohms. Its specific resistance 
(resistance of 1 centimeter cube in microhms) is 1.594, and that of 
platinum is 9.032. What would be the resistance of a platinum 
wire of the same size and length of the copper wire, and at the 
same temperature ? 

Solution. — The resistance would be in direct ratio of the 
specific resistances, and we have the proportion : 

required resist. : 29,7 : : 9.032 : 1.694 

Hence, required resist. = 29.7 X :^^ — 

= 168. ohms (approx.) 

Ans. 168. ohms. 

calculation of Resistance. From the preceding pages it is 

evident that resistance varies directly as the length, inversely as 
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the cross^ectional area, and de|)en(l8 ujx>n the specific resistance 
of the materiaL Tliis may bo expressed conveniently by the 
formula, 

in which R is the resisUmce, L the length of the conductor, A the 
area of its cross section, and « the specific resistance of the 
material. 

Example. — A telegi-aph relay is wound with 1,800 feet of 
wire .010 inch in diameter, Mid has a resistance of 150 ohms. 
What will be its resistance if wound with 400 feet of wire .022 
inch in diameter? 

Solution. — If the wires were of equal length, we should 

have the proportion, 

Required resistance : 150 : : (.010)* : (.022)* 

r.OlO)* 
or, Required resistance = 150 X 7 000 \* ^^ 30.99-|- ohms. 

For a wire 400 feet long, we have, therefore, by direct proportion. 

Required resistance = .,-..,-, X 30.99 = 6.88+. 

Ans. 6.88+ ohms. 

If a circuit is made up of several different materials joined in 
series with each Other, the resistance of the circuit is equal to the 
sum of the resistances of its several parts. In calculating the 
resistance of such a circuit, the resistiince of each part should firet 
be calculated, and the sum of these resistances will be the total 
resistance of the circuit. 

The table on page 9 gives the resistance of chemically pure 
substances at 0° Centigrade or 32° Fahrenheit in International 
ohms. The first column of numbers gives the relative resistances 
when that of annealed silver is taken as unity. For example, mer- 
cury has 62.73 times the resistance of annealed silver. The 
second and third columns give the resistances of a foot of wire 
.001 inch in diameter, and of a meter of wire 1 millimeter in 
diameter, respectively. The fourth and fifth columns give 
respectively the resistance in microhms of a cubic inch and cuhic 
centimeter, that is, the specific resistances. 
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Table Showing Relative Resistance of Chemically Pure Substances at 
Thirty-two Degrees Fahrenheit in International Ohms. 



Metal. 



Relative 
Resistance. 



Resistance 
of a wire 
1 foot long, 
.001 inch in 
diameter. 



Resistance 

of a wire 

1 meter long, 

1 millimeter 

in diameter. 



Resistance in 
Microhms. 



Cubic Cubic Cen- 
Inch. timeter. 



Silver, annealed. 
Copper, annealed. 
Silver, hard drawn. 
Copper, hard drawn. 
Gold, annealed. 
. Gold, hard drawn. 
Aluminum, annealed 
Zinc, pressed. 
Platinum, annealed. 
Iron, annealed. 
Lead, pressed. 
German silver. 
Platinum-silver alloy 
(J platinum, § silver.) 
Mercury. 



1.000 


9.023 


.01911 


.5904 


1.063 


9.585 


.02028 


.6274 


1.086 


9.802 


.02074 


.6415 


1.086 


9.803 


.02075 


.6415 


1.369 


12.35 


.02613 


.8079 


1.393 


12.56 


.02661 


.8224 


1.935 


17.48 


.03700 


1.144 


3.741 


33.76 


.07143 


2.209 


6.022 


54.34 


.1150 


3.555 


6.460 


58.29 


.1234 


3.814 


13.05 


117.7 


.2491 


7.706 


13.92 


125.5 


.2659 


8.217 


16.21 


146.3 


.3097 


9.576 


62.73 


570.7 


1.208 


37.05 



1.500 
1.694 
1.629 
1.629 
2.052 
2.088 
2.904 
5.610 
9.032 
9.689 
19.58 
20.87 

24.32 
94.06 



It should be noted that the resistances in the above table are 
for chemically pure substances, and also at 32° Fahrenheit. A 
very small portion of foreign matter mixed with a metal greatly 
increases its resistance. An alloy of two or more metals always 
has a higher specific resistance than that of any of its constituents. 
For example, the conductivity of silver mixed with 1.2 per cent 
in volume of gold, will be 59 when that of pure silver is taken as 
100. Annealing reduces the resistance of metals. 

The following examples are given to illustrate the use of the 
table above in cojinection with the formula at the top of page 8, 
and to show the application of preceding laws. 

Example. — From the specific resistance of annealed alu- 
minum as given in the next to the last column of the table, 
calculate the resistance given in the second column of figures for 
that 'substance. 

Solution. — The resistance in microhms of a cubic inch of 
annealed aluminum at 32° F, ia 1.144, which is equal to 
,000001144 ohms. The reeistaucu of a wire 1 foot long and .OOJ 
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inch in diameter is required. In the formula on page 8, we 
have « = .000001144, L = l foot = 12 inches and 

^ _ ^ _ 3.1416 X .001^ ^ .0000007854 sq. in. 
4 4 

Substituting these values in the formula, 
L 



we have, 



Ji = 8. 

A 



19 
B = .000001144 X 



.0000007854 ^ 

= 17.48 ohms. Ans. 17.48 ohms. 

Example. — The resistance in microhms of a cubic centimeter 

of annealed platinum at 32° F. is 9.032. What is the resistance 

of a wire of the same substance one meter long and one millimeter 

in diameter at the same temperature ? 

Solution. — In the formula for resistance we have the quan- 
tities 8 = 9.032 microhms = .000009032 ohms ; i = 1 meter = 
100 centimeters ; and 

J ird^ 3.1416X.12 AA^Q^^ 

A = — - — = —Ll = .007854 sq. cm. 

4 4 

the diameter being equal to 1 millimeter = .1 cm. 
Substituting these values we have, 

E = .000009032 X ^^^ ^ 
' .007854 

= .1150 ohms. Ans. .115 ohms. 

Example. — From the table the resistance of 1 ft. of pure 
annealed silver wire .001 inch in diameter at 32° F. is 9.023 
ohms. What is the resistance of a mile of wire of the same sub- 
stance .1 inch in diameter at that temperature ? 

Solution. — As the resistance of wires is directly proportional 
to their length and inversely proportional to the squares of their 
diameters, the required resistiince is found by multiplying the 
resistance per foot by 5,280 and the product by the inverse 
squares of the diameters. 

Therefore 7? = 9.023 X 5280 X j '^ j ^ 

:^ 4.76 ohms (approx.) 

Ans. 4.76 ohrag, 
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Example. — A mile and one-half of an annealed wire of pure 
iron has a resistance oi 46.1 ohms. What would be the resist- 
ance of hard drawn wire of pure copper of the same length and 
diameter, assuming each to be at the temperature of melting ice ? 

Solution. — The only factor involved by this example is the 
relative resistance of the two metals. From the table, page 9, 
annealed iron has 6.460 and hard-drawn copper 1.086 times the 
resistance of annealed silver. Hence the resistance of the copper 
is to that of the iron as 1.086 is to 6.460, and the required resist- 
ance is 

i? = 46.1 X y^ = 7.75 ohms (approx.) 

Ans. 7.75 ohms. 

Example. — If the resistance of a wire 7,423 feet long is 
18.7 ohms, what would be its resistance if its length were reduced 
to 6,253 feet and its cross-section made one half again as large ? 

Solution. — As resistance is directly proportional to the 
length, and inversely proportional to the area of the cross-section, 
the required resistance is 

22 = 18.7 X ^Sx J= 10.5 ohms (approx.) 

7423 3 \ trir J 

Ans. 10.5 ohms. 
Resistance Affected by Heating:. The resistance of metals 
depends upon the temperature, and the resistance is increased by 
heating. The heating of some substances, among which is carbon, 
causes a decrease in their resistance. The resistance of the 
filament of an incandescent lamp when lighted is only about half 
as great as when cold. All metals^ however, have their resistance 
increased by a rise in temperature. The percentage increase in 
resistance with rise of temperature varies with the different 
metals, and varies slightly for the same metal at different tem- 
peratures. The increase is practically uniform for most metals 
throughout a considerable range of temperature. The resistance 
of copper increases about .4 per cent, per degree Centigrade, or 
about .22 per cent, per degree Fahrenheit. The percentage 
increase in resistance for alloys is much less than for the simple 
metals. Standard i-esistance coils are therefore made of alloys, as 
it is desirable that their resistance should be as nearly constant as 
powible. 
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The change in resistance of one ohm per degree me in tem- 
perature for a substance is called the temperature coefficient for 
that substance. The following table gives the tempemture coeffi- 
cients for a few substances. 

TEHPERATURE COEFFICIENTS. 





KI8B IN B. OF 1 OHM WHBH HBATBD: 


MATBBIAI.. 


1<> P. 


!<>(). 


Platinoid 


.00012 


.00022 


Platinum-silver 


.00014 


.00025 


German silver 


.00022 


.00040 


Platinum 


.0019 


.0035 


Silver 


.0021 


.0038 


Copper, aluminum 


.0022 


.0040 


Iron 


.0026 


.0046 



If the resistance of a conductor at a certain temperature is 
known, the resistance the conductor will have at a higher tem- 
perature may be found by multiplying the temperature coeflBcient 
for the substance, by the number of degrees increase and by the 
resistance at the lower temperature, and adding to this result the 
resistance at the lower temperature. The product of the temper- 
ature coefficient by the number of degrees increase gives the in- 
crease in resistance of one ohm through that number of degrees, 
and multiplying this by the number of ohms gives the increase in 
resistance for the conductor. The result obtained is practically 
correct for moderate ranges of temperature. 

The above method of calculating the resistance of conductors 
at increased temperatures is conveniently expressed by the follow- 
ing formula : 

iig = i?! (1 + rt t} 
where iJg ^^ ^^^ resistance at the higher temperature, 72^ that at 
the lower temperature, a the temperature coefficient for the sub- 
stance and t the number of degrees change. 

From the preceeding formula it follows that if the resistance 
at the higher temperature is known, that at the lower temperature 
viU be given by the formula : 



1 + 0* 
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In calculating resistances at different temperatures, the tem- 
perature coefficient based on the Fahrenheit scale should be used 
if the number of degrees change is given in. degrees Fahrenheit, 
and that based on the Centigrade scale if given in degrees 
Centigrade. 

Example. — The resistance of a coil of German silver wii-e at 
12° C. is 1304 ohms. What would be its resistance at a temper- 
ature of 60° C? 

Solution. — From the statement of the example M^ = 1304, 
^ = 60 — 12 = 48, and from the table page 12, a = .0004. 
Substituting these values in the first of the preceding formulas we 
have, 

7^2 = 1304 (1 + .0004 X 48) 
^ = 1304 X 1.0192 
= 1329 ohms (approx.) 

Ans. 1329 ohms. 
Example. — If the resistance of a copper conductor at 95° F. 
is 48.2 ohms, what would be the resistance of the same conductor 
at 40° F.? 

Solution. — In this case E^ = 48.2, ^ = 95 — 40 = 66, 
and from the table a =. .0022. Substituting these values in the 
formula at the foot of page 12, we have, 

R - 48.2 _ 48.2 

1 - 1 + .0022 X 55 1.121 
= 43. ohms (approx.) 

Ans. 43 ohms. 
The first table on page 14 gives the resistance of the most 
common sizes of copper wire according to the American or Brown 
and Sharpe (B. & S.) gauge. The resistance given is for pure 
copper wire at a temperature of 75° F. or 24° C. 

The first column gives the number of the wire, the second 
the diameter in thousandths of an inch or mils, and the third the 
diameter in millimeters, The fourth column gives the equivalent 
number of wires each one mil or one thousandth of an inch in 
diameter. This is called the size of the wire in circular mils and 
IS equal to the square of tlie diameter in mils. The fifth column 
gives the ohms per thousand feet and the resistance per mile is 
found by multiplying the&e values by 5,28. Ordinary' commercial 
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copper has a conductivity of about 95 to 97 per cent, of that of 
pure copper. The resistance of commercial wire is therefore about 
3 to 5 per cent, greater than the values given in the table. The 
resistance for any metal other than copper may be found by mul- 
tiplying the resistance given in the table by the ratio of the spec- 
ific resistance of the given metal to the specific resistance of 
copper. 

American Wire Gaus:e (B. & 5.) 



No. 


Diameter in 


Circular 
Mils. 


Ohms 
lOOOFt. 


No. 


Diameter in 


Circular 
MHs. 


Ohms 


Mils. 


MUlim. 


Mils. 


Millim. 


loffpt. 


0000 


460.00 


11.684 


211600.0 


.061 


19 


35.89 


.912 


1288.0 


8.617 


000 


409.64 


10.405 


167805.0 


.064 


20 


31.96 


.812 


1021.6 


10.666 


00 


364.80 


9.266 


133079.4 


.081 


21 


28.46 


.723 


810.1 


18.828 





324.95 


8.254 


105592.5 


.102 


22 


25.35 


.644 


642.7 


16.799 


1 


289.30 


7.848 


83694.2 


.129 


23 


22.57 


.573 


609.6 


21.186 


2 


257.63 


6.544 


66878.0 


.168 


24 


20.10 


.511 


404.0 


26.718 


8 


229.42 


6.827 


62634.0 


.206 


25 


17.90 


.456 


820.4 


88.684 


4 


204.31 


6.189 


41742.0 


.269 


26 


15.94 


.406 


264.0 


42.477 


6 


181.94 


4.621 


88102.0 


JOS 


27 


14.19 


.361 


201.6 


68.668 


6 


162.02 


4.115 


26250.5 


.411 


28 


12.64 


.321 


158.8 


67.642 


7 


144.28 


3.665 


20816.0 


.619 


29 


11.26 


.286 


126.7 


85.170 


8 


128.49 


3.264 


16509.0 


.654 


80 


10.03 


.255 


100.6 


107.891 


9 


114.43 


2.907 


13094.0 


.824 


31 


8.93 


.227 


79.7 


185.4ti2 


10 


101.89 


2.588 


10881.0 


1.040 


32 


7.95 


.202 


68.2 


170.766 


11 


90.74 


2.805 


8234.0 


1.311 


33 


7.08 


.180 


60.1 


215.812 


12 


80.81 


2.058 


6529.9 


1.653 


34 


6.30 


.160 


89.7 


271.688 


13 


71.96 


1.828 


6178.4 


2.084 


35 


6.61 


.143 


81.6 


842.448 


14 


64.08 


1.628 


4106.8 


2.628 


36 


6.00 


.127 


26.0 


481.712 


15 


67.07 


1.450 


8256.7 


8.314 


37 


4.45 


.113 


19.8 


644.287 


16 


50.F2 


1.291 


2582.9 


4.179 


38 


3.96 


.101 


16.7 


686.611 


17 


45.26 


1.160 


2048.2 


6.269 


39 


3.63 


.090 


12.6 


866.046 


18 


40.30 


1.024 


1624.1 


6.645 


40 


3.14 


.080 


9.9 


1091.866 



The following table gives the size of the English or Birming- 
ham wire gauge. The B. & S. is however much more frequently 
used in this country. The Brown and Sharpe gauge is a little 
smaller than the Birmingham for corresponding numbers. 



Stubs' or Birmingliam Wire Gauge (B. W. Q.) 





Diameter in 


No. 


Diameter in 


No. 


Diameter in 


No. 


Mils. 


Millim. 


Mils. 


Millim. 


Mils. 


Millim. 


0000 
00 

1 

4 

6 


454 
380 
300 
238 
203 


11.53 

9.65 
7.62 
6.04 
6.16 


8 
10 
12 
14 
10 


165 
134 . 
109 

83 
65 


4.19 
3.40 

2.77 
2.11 
1,65 


18 
20 
24 
30 
36 


49 
35 
22 
12 
4 


1.24 
0.89 
0.55 
0.31 
0.10 
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EXAHPLES FOR PRACTICB 

1. What is the resistance of an annealed silver wire 90 feet 
long and .2 inch in diameter at 32° F.? Ans. .02+ ohm. 

2. What is the resistance of 300 meters of annealed iron 
wire 4 millimeters in diameter when at a temperature of 0° C? 

Ans. 2.31+ ohms. ' 

3. What i^ the resistance of 2 miles of No. 27 (B. & S.) pure 
copper wire at 75° F.? Ans. 565.+ ohms. 

4. The resistance of a piece of copper wire at 32°F. is 3 
ohms. What is its resistance at 49°F.? Ans. 3.11+ ohms. 

5. The resistance of a copper wire at 52°F. is 7 ohms. 
What is its resistance at 32°F.? Ans. 6.70+ ohms. 

6. What is the resistance of 496 ft. of No. 10 (B. & S.) 
pure copper wire at 45°F.? Ans. .483+ ohms. 

On pages 16 and 17 is given a table disclosing among other 
data the resistance of various primary cells. The resistance of a 
circuit of which a battery forms a part, is made up of the external 
resistance, or the resistance of outside wires and connections,, and 
the internal resistance, or the resistance of the battery itself. 
The table referred to gives in the first column the name of the 
cell. In the second and third column a^^pears the name of the 
anode and kathode respectively. These terms are commonly 
used with reference to electrolysis but may also be applied to 
primaiy cells. The current passes ^"*om the anode to the kathode 
through the cell, and therefore wi i reference to the cell itself, 
the anode may be considered the positive element and the kath- 
ode the negative element. In regard to the outside circuit how- 
ever, the current passes of course, from the kathode to the anode, 
and hence with reference to the outside circuit the kathode is 
positive and the anode negative ; ordinarily the external circuit 
is considered. As the anode of almost all primary cells is zinc it 
may readily be remembered that the current passes from the other 
element to the zinc through the external circuit. The fourth and 
fifth columns of tlie table give the excitant and depolarizer respec 
tively. The sixth column gives the E. M. F. of each cell when it 
is supplying no current, and the last column gives the internal 
resistance in ohms. 
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TABLE IN RELATION TO PRinARY CELLS, ELECTRO- 
nOTIVE FORCE. RESISTANCE. ETC. 



NAMB 

OF 
OBLI*. 



KATHODB. 



BXCITANT. 



DBPOLAKIZBR. 



B. If. P. 

IN 
YOLT8. 



INTBBNAU 

BB8IBT- 

ANCB IK 

OHlfB. 



VolU 

(WollM- 

ton, etc.) 



Smee 



Law 



Poggen- 

dorff 
(Qrenet) 

Poggen- 

dorff 
(Qrenet) 
two fluid 



Grove 
Bunsen 

Leclanche 

Lalande 
Lalande — 
Chaperon 

Upward 

Fitch 

Papst 



Obach 

(dry) 

Daniell 
(Meidin- 
ger Min- 
otto, etc.) 

De la Rne 



Marie 
Davy 

Clark 
(Standard) 

Weston 



Zinc 
Zinc 
Zinc 
Zinc 

Zinc 

Zinc 
Zinc 

Zinc 

Zinc 

Zinc 
Zinc 

Iron 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Cadmium 



Copper 



Platinized 
Silver 



Carbon 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Platinum 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 



Graphite 
(Carbon) 



Copper 
Silver 



Graphite 
(Carbon) 



Mercury 
Mercury 



Solution of 

Sulphuric Acid 

(H.SOJ 

Solution of 

Sulphuric Acid 

(H, SO4) 

Solution of 

Sulphuric Acid 

(H, SO4) 

Solution of 

Sulphuric Acid 

(H, SOJ 

Saturated Solu- 
tion of Potas- 
sium Dichro- 
mate and 

Sulphuric Acid 

Sulphuric Acid 
dilute (H, SO4) 

Sulphuric Acid 
dilute (HaSOO 

Ammonium 
Chloride 
(NH4 CI; 

Caustic Potash 

or Potassium 
Hydrate (KOH) 

Zinc Chloride 
(ZnCla) 

Ammonium 
Chloride 
(NH4 CI) 

Ferric Chloride 
(Fe, Cle) 

Ammonium 

Chloride 
(NH4 CI) in 
Calcium Sul- 
phate (CaSO*) 

Zinc Sulphate 
(Zn SO4) 

Ammonium 
Chloride 



None 



Kone 



None 



Potassium 
Dichromate 
(K, Cr, 0,> 



None 
Separate 



Nitric Acid 
(HNO,) 

Nitric Acid 



Chromic Acid 



Manganese 
Dioxide 

(MnOa) 



Cupric Oxide 



Chlorine (CI) 

Sodium & Potas- 
sium Chlorates 
(Na CIO3 4- 
K CIO3) 

(Fe, Cle) 



Manganese 
Dioxide 
(MnOa) 



Sulphuric Acid 
dilute (HaS04) 

Zinc Sulphate 
(ZnSo*) 

Cadmium Sul- 
phate (CdSO«) 



Copper Sul- 
phate (Cu SO4) 

Silver Chloride 
(AgCl) 

Paste of Sulph- 
ate of Mercury 
(Hg, SO4) 

Mercurous Sul- 
phate (Hga SO«) 

Mercurous Sul- 
phate (Hgs SO«) 



1 to 0.6 



ItoOJS 



1 to 0.5 



2.1 



1.96 



1.96 
1.8 to 1.98 



1.8 



1.4 to 1.6 

0.8 to 0.98 
2.0 
1.1 
0.4 



1.03 to 
1.42 



1.52 

1.434* 
1.025 



0^ 



.001 to .06 



0.1 to 0.12 
0.08 to 0.11 



0.1 to 0.12 



1.18 to 1.1c 



2 too 
0.4 to 0.6 

0.75 to 1 

O.StoOJS 



The electric current. 
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KAMB 

OF 
OBLI<. 



DBPOLABIZBR. 



B. M. F. 
IN 

VOLTS. 



INTBBNAL 

BB8I8T- 

ANCB IN 

OHMS. 



Von 
fielmlioltz 



Chromic 
Acid 
single 
fluid 



Fuller 
Gaiffe 

Maiche 
Niaudet 



Schans- 
chieff 



Skriyanoff 



Zinc 



Zinc 



Zinc 



Zinc 

Zinc 

scraps in 

bain of 

Mercury 



Zinc 

Zinc 
Zinc 



Mercury 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Silver 



Platinized 
Carbon 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Silver 



Zinc Chloride 
(ZnCl,) 



Sulphuric and 
Chromic Acids, 
dilute mixed 



Sulphuric Acid 
(H,SOJ 

Zinc Chloride 
(Zn Cl,i 

Common Salt 
Solution {. e. 
Sodium Chlo- 
ride (NaCl) 

Common Salt 
Solution i. e. 
Sodium Chlo- 
ride (NaCl) 

Mercurial 
Solution 

Caustic Potash 

or Potassium 
Hydrate (KOH) 



Mercurous 
Chloride 
(Hg, Cl^ 

None 
Separate 

Potassium 
Dichromate 
(K,Cr,0,) 

Silver Chloride 
(AgCl) 

None 
Separate 



Chloride of 
Calcium 
(Lime) 
(Ca CI,) 

None 
Separate 

Chloride of 
Silver 
(AgCl) 



14) 

%0 
1.03 

1.25 

1.0 to 1.6 
1.56 



MAtoM 

OJi to 0.7 
DOS to 0.6 

Itol 

6to6 

0.05 to 0.75 
14S 



* At 15 degrrees Centigrade or 50 degrees Fahrenheit. 

Resistances in last column measured in cells standing 6" X 4" 

OHn'S LAW. 

One of the most important and most used laws of electri- 
city is that first formulated by Dr. G. S. Ohm, and known as 
Ohm's law. This law is as follows : 

Ihe current is directly proportional to the electromotive force 
and inversely proportional to the resistance. 

That is, if the electromotive force applied to a circuit is in- 
creased, the current will be increased in the same proportion, and 
if the resistance of a circuit is increased then the current will be 
decreased proportionally. Likewise a decrease in the electromotive 
force causes a propoitional decrease in current and a decrease in 
resistance causes a proportional increase in current. The current 
depends only upon the electromotive force and resistance and in 
the manner expressed by the above simple law. The law may be 
expressed algebraically as follows : 

electromotive force 



mirrent vanes as 



tesistance 
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The units of these quantities, the ampere, volt and ohm, have 
been so chosen that an electromotive force of 1 volt applied to a 
resistance of 1 ohm, causes 1 ampere of current to flow. Ohui's 
law may therefore be expressed by the following equation: 

where lis the cuiTcnt in amperes, S the electromotive force in 
volts and H the resistance in ohms. 

It is therefore evident, that if the electromotive force and 
resistance are known the current may be found, or if any two of 
the three quantities are known the third may be found. If the 
current and resistance are known the electromotive force may be 
found from the formula: 

and if the current and electromotive force are known, the resist- 
ance may be found from the formula: 

Simple Applications. The following examples are given to 
illustrate the simplest applications of Ohm's law. 

Example. — If the E.M.F. applied to a circuit is 4 volts and 
its resistance is 2 ohms, what current will flow ? 

Solution. — By the formula for current, 

i s= -^=--.= 2 amperes. 

Ans. 2 amperes. 
Example. — What voltage is necessary to cause a current of 
23 amperes to flow through a resistance of 820 ohms? 
Solution. — By the formula for E.M.F., 

E^RI— 820 X 23 = 18,860 volts. 

Ans. 18,860 volts. 
Example. — The E.M.F. applied to a circuit is 110 volts, and 
it is desired to obtain a current of .6 ampere. What should be 
the resistance of the circuit? 

Solution. — By the formula for resistance. 



-« = -:^= 11^ = 183.+ ohms. 



Ans. 183. ohms. 
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Series Circuits. A circuit made up of sevei-al parts all 
joined in series with each other, is called a series circuit and the 
resistance of the entire circuit is of course the sum of the separate 
resistances. In calculating the current in such a circuit the 
total resistance must first be obtained, and the current may then 
be found by dividing the applied or total E.M.F. by the total 
resistance. This is expressed by the formula, 

1= I 

^1+^2 + ^23-1- etc. 

Example. — Three resistance coils are connected in series with 
each other and have a resistance of 8, 4 and 17 ohms respectively. 
What current will flow if the E.M.F. of the circuit is 54 volts? 

Solution. — By the preceding formula, 

^= iZ, + f,+Jg; = g + y+n ^ | = 1.8+ampere8. 

Ans. 1.8+ amperes. 

Example. — Six arc lamps, each having a resistance of 5 
ohms, are connected in series with each other and the resistance 
of the connecting wires and other apparatus is 3.7 ohms. What 
must l>e the pressure of the circuit to give a desired current of 9.6 
amperes ? 

Solution. — The total resistance of the circuit is 72 = (6 X 5) 
-|- 3.7 = 33.7 ohms and the current is to be /= 9.6 amperes. 
Hence by the formula for E.M.F., 

U = BI= 33.7 X 9.6 = 323.+ volts. 

Ans. 323.+ volts. 

Example. — The current passing in a certain circuit was 12 
amperes and the E.M.F. was 743 volts. The circuit was made up 
of 4 sections all connected in series, and the resistance of three 
sections was 16, 9 and 26 ohms respectively. What was the 
resistance of the fourth section? 

Solution. — Let r = the resistance of the fourth section, then 
J? = 16 + 9 + 26 + 2^ = 51 + 2T, / = 12, and J? = 743. By 
the formula for resistance, 

XT 740 

.B « -f^ or, 61 + a? = ^= 61,9 ohms (approx.) 
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If 51 -}- rr = 61.9 we have, by tmnsposing 51 to the other 
side of the equation, 

X = G1.9 — 51 = 10.9 ohms. 

Ans. 10.9 ohms. 

Example. — A current of 54 amperes flowed through a circuit 

wlien the E.M.F. was 220 volts. What resistance should be 

added in series with the circuit to reduce the current to 19 

amperes ? 

Solution. — The resistance in the first case was, 

R = — ^ =1 4.07 ohms (approx.) 
54 

The resistance \\\ tlie second must be, 

220 
R = — ^ =L 11.58 ohms (approx.") 

The required resistance to insert in the circuit is the differ- 
3nce of these two resistances, or 11.58 — 4.07 = 7.51 ohms. 

Ans. 7.51 ohms. 

Fall of Potential In a Circuit. Fig. 1 illustrates a series 
circuit in which the resistances A^ B^ C^ D and U are connected 
in series with each other and with the source of electricity. 
If the E. M. F. is known, the current may be found by divid- 
ing the E. M. F. by the sum of all the resistances. Ohm's law 
may, however, be applied to any part of a circuit separately, 
as well as to the complete circuit. Suppose the resistances of 
J., B^ (7, D and U are 4, 3, 6, 3 and 4 ohms respectively, and 
assume that the source lias no resistance. Suppose the current 
flowing to be 12 amperes. The E. M. F. necessary to force a 
current of 12 amperes through the resistance A of 4 ohms is, by 
applying Ohm's law, equal to i:J=i27=4xl2=::48 volts. 
Hence between the points a and b outside of the resistance A^ 
there must be a difference of potential of 48 volts to force the 
current through this resistance. Also to force the same current 
through B^ the voltage necessary is 3 X 12 = 36. Similarly, for 
each part (7, D ind U^ there are required 72, 36 and 48 volts 
respectively. 

As 48 volts are necessary for part A and 36 volts for part -B, 
it is evident that to force the current through both parts a differ- 
ence of potential of 48 -|- 36 = 84 volts is required ; that is, the 
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voltag^ between the points a and c must be 84 volts. For the 
three parts A^ B and (7, 48 -|- 36 -f- 72 zz: 156 volts are necessary^ 
and for the entire circuit, 240 volts must be applied to give the 
current of 12 amperes. From the above it is evident that there 
is a gradual fall of potential throughout the circuit, and if the 
voltage between any two points of the circuit be measured, the 
E. M. F. obtained would depend upon the resistance included 
between these two points. For example, the voltage between 
points b and d would be found to be 72 -f- 36 = 108 volts, or 
between d and e 36, volts, etc. From the preceding it is apparent 
that the fall of potential in a part of a circuit is equal to the 
cuiTent multiplied by the resistance of that part. 



inp- 
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This gradual fall of potential, or drop as it is commonly 
called, throughout a circuit, enters into the calculations for the 
size of conductors or mains supplying current to distant points. 
The resistances of the conductors cause a certain drop in trans- 
mitting the current, depending upon their size and length, and it 
is therefore necessary that the voltage of machines at the supply 
station shall be great enough to give the voltage necessary at the 
receiving stations as well as the additional voltage lost in the 
conducting mains. 

For example, in Fig. 1 the voltage necessary between the 
points e and b is 144 volts, but to give this voltage the source 
must supply in addition the voltage lost in parts A and Ey which 
equals 96 volts. 

Example. — The voltage requiied by 17 arc lamps connected 
in series is 782 volts and the current is 6.6 amperes. The resist- 
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ance of the connecting wires is 7 ohms. What must be the 
E. M. F. applied to the circuit? 

Solution. — The drop in the connecting wires is J?= JRIttz 
7 X 6.6 == 46.2 volts. The E. M. F. necessary is therefore 782 
H- 46.2 = 828.2 volts. Ans. 828.2 volts. 

Example. — The source of E. M. F. supplies 114 volts to a 
circuit made up of incandescent lamps and conducting wires. 
The lamps require a voltage of 110 at tlieir terminals, and take a 
current of 12 amperes. What should be the resistance of the 
conducting wires in order that the lamps will receive the necessary- 
voltage ? 

Solution. — The allowable drop in the conducting wires is 
114 — 110 = 4 volts. The current to pass through the wires is 
12 amperes. Hence the resistance must he 

iJ = J=^i = .88 + ohms. 
7 12 ^ 

Ans. .83 + oums. 
Divided Circuits. When a circuit divides into two or more 
parts, it is called a divided circuit and each part will transmit a 
portion of the current. 

Such a circuit is illustrated in Fig. 2, the two branches being 
represented by b and c. The current passes from the positive 
pole of the batteiy through a and then divides ; part of the 
current passing through b and part through c. The current then 
unites and passes through d to the negative pole of the battery. 
The pai-t e may be considered as the main part of the circuit and 

b as a by-pass about it. A branch 
which serves as a by-pass to an- 
other circuit is called a shunt 
circuit, and the two branches are 
said to be connected in parallel. 
In considering the passage 





Fig. 2. of a current through a circuit of 

this sort, it may be necessary to determine how much current 
will pass through one branch and how much through the other. 
Evidently this will depend upon the relative resistance of the two 
bfemches, and more current will pass through the branch offering 
the lesser resistance than through the branch having the higher 
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resistance. If the two parts have equal resistances, then one half 
of the total current will pass through each branch. If one branch 
has twice the resistance of the other, then only one-half as much 
of tbe total current will pass through that branch as through the 
other ; that is, i of the total current will pass through the first 
branch and the remaining | will pass through the second. 

The relative strength of current in the two branches will he 
inversely proportional to their resistances^ or directly proportional 
to their conductances. 

Suppose the resistance of one branch of a divided circuit is 
r^ (see Fig. 3), and that of the other is r^. Then by the pre- 
ceding law, 

current in r^ : current in r^ i i r^ • t^ 
Also, 

and 



current in r ^ : total current ii r^ • '"i "f" ''2 



current in r^ : total current : 2 ^1 : ^1 + ^2 
Let /represent the total current, i^ the current through the 
resistance r^ and i.^ the current through the resistance rg. Then 
the two preceding proportions are expressed by the following 
formulas : 

i. == J^2__ and z' = !!l— 

^1+^2 '•1+^2 

Example. — The total current passing in a circuit is 24 
amperes. The circuit divides into two branches having resist- 
ances of 5 and 7 ohms respectively. What is the current in each 
branch ? 

Solution. — In this case J= 24, r^ = 5 and r,^ = 7. Sub- 
stituting these values in the above formulas we have, 

,. _ Ir^ _ 24 X 7 



-1 , ^^ rr = 14 amperes. 

and to = — = ^ ^ - = 10 amperes. 

^ ^1+^2 5 + 7 

, ( In 5 ohm branch, 14 amperes. 
* I In 7 ohm branch, 10 amperes. 

Joint Resistance of Divided Circuits. As a divided circuit 
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offers two paths to the current, it follows that the joint i^sistance 
of the two branches will be less than the resistance of either branch 
alone. The ability of a circuit to conduct electricity is repre- 
sented by its conductance, which is the reciprocal of resistance ; 
and the conductance of a divided circuit is equal to the sum of 
the conductances of its parts. 

For example, in Fig. 3, the conductance of the upper bmnch 

equals — and that of the lower branch equals — . If R repre^ 

sents the joint resistance of the two parts then the joint conduct- 
ance equals: 

1 = -L + i. = ^1 + ^2 



R r, r^ r^r^ 



Having thus obtained the joint conductance, the joint resist- 
ance is found by taking the reciprocal of the conductance, that is, 

R = JLll^ 



This fornmla may be stated as follows : 

The joint resistance of a divided circuit is equal to the product 
of the two separate resistances divided by their sum. 




For example, suppose the resistance of each branch to be 
2 ohms. The conductance of tlie circuit will be, 

— = __- -f- __ = 1, and hence 72 = 1 ohm. 
R 2^2 

Also by the preceding formula, 

R = %Al = 1 ohm. 

2 + 2 

The resistance of a divided circuit in which each branch has 
a resistance of 2 ohms is therefore 1 ohm. 

Example. — The resistances of two separate conductors ai-e 8 
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and 7 ohms respectively. What would be their joint resistance 

if connected in parallel ? 

Solution. — In this case r^ = 3 and r^ = T, hence by the 

formula, 

3x7 
J? = — il--- = 2.1 ohms. Ans. 2.1 ohms. 

3 + 7 

Suppose, as illusti-ated in Fig. 4, the conductors having 
resistances equal to r^, r^ and r^ I'espectively, are connected in 




Fig. 4. 
parallel. The joint total conductance will then be equal to, 

B ^1 ^2 rg r^ r^ r^ 

and as the joint resistance is the reciprocal of the joint coiiductr 
ance, the joint resistance 72 of the three branches is expressed by 
the formula, 

5 = 



^2^3 +^1^3+^1 ^2 

Example. — What is the joint I'esistance when connected in 
parallel, of three wires whose respective resistances are 41, 52 and 
29 ohms respectively ? 

Solution. — In this case r^ =41, r^ =52 and r^ := 29. 
Hence, by the preceding formula, 

J2 = ^^ X 5^ X ^^ = 12.8 + ohm8. 

52X29 + 41X29 + 41X52 ^ 

Ans. 12.8 + ohms. 

In general, for any number of conductors connected in 
parallel, the joint resistance is found by taking the reciprocal at 
the sum of the reciprocals of the separate resistances. 

Example. — A circuit is made up of five wires connected in 
parallel, and their separate resistances are respectively 12, 21, 28, 
8 and 42 ohms. What is the joint resistance ? 
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Solution. — The sum of the conductances is: 

12 "^21 "^28 "^ 8 "^42 168 
Hence the joint resistance equals: 

R = — — - = 3.1 + ohms. Ans. 3.1 -j- ohms. 

DO 

If tlie resistance of each branch is known and also the poten- 
tial difference between the points of union, then the current in 
each branch may be found by applying Ohm's law to each branch 
separately. For example, if this potential difference were 96 
volts, and the separate resistances of the 4 branches were 8, 24, 3 
and 48 ohms respectively, then the current in the respective 
branches would be 12, 4, 32 and 2 amperes respectively. 

If tlie current in each branch is known and also the poten- 
tial difference between the points of union, then the resistance of 
each branch may likewise bt", found from Ohm's law. 

The following examples are given to illustrate the applica- 
tion of the preceding principles. 

EXAMPLES FOR PRACTICE. 

1. Two conductors having resistances of 71 and 19 ohms 
respectively are connected in parallel, and the total current pass- 
ing in the circuit is 37 amperes. What current passes in the 
conductor whose resistance is 71 ohms? Ans. 7.8 + amperes. 

2. What is the joint resistance of two wires connected in 
parallel if their separate I'esistances are 2 and 8 ohms respectively? 

Ans. 1.6 ohms. 

3. What is the joint resistance of three wires when con- 
nected in parallel, whose separate resistances are 5, 7 and 9 ohms 
respectively ? Ans. 2.2 -|- ohms. 

4. Three wires, the respective resistances of which are 8, 10 
and 20 ohms, are joined in parallel. What is their joint resist- 
ance ? Ans. 3.6 -j- ohms. 

5. Four wires are joined in parallel, and their separate 
i-esistances are 2, 4, 6 and 9 ohms respectively. What is the 
joint resistance of the conductor thus formed? 

Ans. .97 -\- ohm. 



/ 
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Battery Circuits. Fig. 5 illustrates a simple circuit having 
a single cell O connected in series with a resistance. This is the 
customary manner of representing a cell, the short, heavy line 
representing the zinc and the long light line representing the 
copper or carbon plate. In determining the amount of current 
which will flow in such a circuit, the total resistance of the circuit 
must be considered. This is made up of the external resistance 
R and the internal resistance r, or the resistance of the cell itself. 
If E represents the total E. M. F. of the cell, then the current 
J which will flow is expressed by the formula, 

/ = "' ^ 




It has been shown that whenever a current passes through 
any resistance, there is always a certain drop or fall of potential. 
The total E. M. F. above referred to, expresses the total poten- 
tial difference between the plates of the cell and is the £• M. F, 
of the cell on open circuit. When 
the current flows, however, there 
is a fall of potential or loss of 
voltage within the cell itself, 
and hence the E. M. F. oi the 
cell on closed circuit is less than 
on open circuit. That is, if the Fig. 5. 

voltage be measured when the 

cell is supplying current, it will be found to be less than when 
the voltage is measured on open circuit, or when the cell is sup- 
plying no current. The voltage on closed circuit is that available 
for the external circuit, and is therefore called the external or 
available voltage or E. M. F. 

The external K. ^l. F. depends of course upon the strength 
of current the cell is supplying, and may be calculated as 
follows : 

If the current passing is / and the resistance of the cell is 
r, then from Ohm's law the voltage lost in the cell equals r 1. If 
J^J represents the total E. M. F. of the cell and ]^^ the external 
E. M. F., then, 
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The E. M. F. of a cell is understood to be the total K M. V. 
unless otherNvise stated. 

. When two or more cells are iuterconnected they are said to 
form a battery. 

Fig. 6 illustrates three cells connected in series with each 
other and with the external circuit. That is, the positive terminal 
of one cell is connected to the negative of the next, and the posi- 
tive of that cell to the negative of the adjacent, etc. By this 
method of connecting, the E. M. F. of each cell is added to that 
of the others, so tiiat the total E. M. F. of the circuit is three 
times that of a single cell. If one of the cells were connected so 



that its E. M. F. opposed that of 
the other two, it would offset 
the £• M. F. of one of the cells 
and the resultant E. M. F. would 
be that of a single cell. The con- 
necting of cells in series as in 
Fig. 6 not only increases the E. 



I— I— I 




Fig. 6. 

M. F. of the circuit but also 
increases the internal resistance, the resistance of each cell beingf 
added to that of the others. If U equals the E. M. F. of each 
cell, r the internal resistance of each and B the external resist* 
ance, then the current that will flow is expressed by the formula, 

^ E + Sr 
or for n cells connected in series the formula for current is, 

^_ nJg 

7 illustrates two cells connected in parallel, and sup- 
plying current to an ex- 
ternal circuit. Here the 
two positive terminals are 
connected with each other 
and also the two n^ative. 
The E. M. F. supplied to 
the circuit is equal to that 
of a single cell only. In 
fact connecting cells in parallel, is equivalent to enlarging th9 




Fig. 7, 



THE ELECTRIC CURRENT. 



29 



plates, and the only effect is to decrease the internal resistance. 
It is evident tliat coupling two cells in parallel affords two 
paths for the current and so decreases the resistance of the two 
cells to one-half that of a single cell. The formula express- 
ing the current that would flow in the external circuit with two 
cells in parallel is therefore, 

B 



/ = 



B+ 



2 



or for n cells connected in parallel, the formula for current is. 




Fig. 8. 



Fig. 8 represents a combination of the series and parallel 

Dnethod of connecting and represents four files of cells joined in 

parallel and each file having four cells connected in seiies. Tlie 

E. M. F. of each file and consequently of the circuit is 4 JST. The 

4 r 
resistance of each file is 4 r and that of all the files .^-- Hence, 



the formula for current is, 
1 = 



4JS 



If there were n files connected in parallel and m cells wew 
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connected in series in each file, the formula expressing the current 
in the external circuit would be, 

J _ mE 



iZ + ^LL 

n 



where E is the E. M. F, of each cell, R the external resistance, 
and r the internal resistance of each cell. 

The most advantageous method of connecting cells depends 
upon the results desired, the resistance of the cell and the external 
resistance. Suppose it is desired to pass a current through an 
external resistance of 2 ohms, and that Daniell's cells are to be 
used each having an E. M. F. of 1 volt and an internal resistance 
of 3 ohms. 

With one cell only in circuit, the current will be, 

E \ ^ 

^ = _ = .2 ampere, 

i24-r 2 + 3 ^ 

and with 6 cells all in series the current will be, 

5E 5 Q r ^ 

__^ = ^_^ = .3 ampere (approx.). 

Therefore with 5 cells in series the current is only .1 ampere 
greater than with a single cell, and with 100 cells in series the 
current is only, 

100 E 100 



/2 + lOOr 2 + 300 



= .33 ampere. 



Hence with a comparatively low external resistance, there is but 
little gain in current strength by the addition of cells in series. 
This is due to the fact that, although the E. M. F. is increased 
1 volt by each cell, the resistance is increased by 3 ohms. 

Now suppose 5 Daniell cells to be connected in parallel with 
the external circuit of 2 ohms. The E. M, F. of the circuit will 
then be that of a single cell and the current will be, 

= .4 ampere (nearly). 



*+f ^+r 



// 
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and with 100 cells connected in parallel the current will be, 
E 1 



-^ + ik ^ + i§o 



=r .5 ampere (nearly). 



A larger current is therefore obtained in this case by connect- 
ing the cells in parallel than by connecting them in series. 

With a large external resistance on the other hand, a larger 
current is obtained by connecting the cells in series. For example, 
suppose the external resistance to be 500 ohms. One cell will 
then give a current of .00198 + ampere, and 5 cells in series will 
give about .0097 ampere, whereas 100 cells will give .125 ampere. 
With 5 cells connected in parallel the current will be .00199 -|- 
ampere, and with 100 cells the current will amount to approxi- 
mately .002 ampere. With an external resistance of 600 ohms, 
there is practically no advantage in connecting the cells in paralleL 
The only effect of the latter method is to decrease the internal 
resistance which is almost negligible in comparison with the 
external resistance. 

It may be shown mathematically that for a given external 
resistance and a given number of cells, the largest current is 
obtained when the internal resistance is equal to the external 
resistance. In order to obtain this result the values of m and n 

in the formula on page 30, should be so chosen that equals 

n 

R. This arrangement, although giving the largest current 
strength, is not the most economical. With the internal resist- 
ance equal to the external resistance there is just as much energy 
used up in the battery itself as is expended usefully in the external 
circuit. 

In order to obtain the most economical arrangement, the 
internal resistance should be made as small as possible, that is, 
all the cells should be connected in parallel. The loss of power 
in the battery is then the smallest amount possible. 

In order to obtain the quickest action of the current the cells 
should be connected in series. When the external circuit possesses 
considerable self-induction, as is the case when electromagnets are 
connected in the circuit, the action of the current is retarded. 
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internal resistance equals the external resistance or when 

n 
With 5 files and 4 cells in series, 

'«!: = LXi:^^ 3.04 ohms, 
n 5 

and with 4 files and 5 cells in scries, 

. — . = — . = 4.7o ohms. 

n 4 

The latter value is nearer to 4 ohms, which is the external resist- 
ance, than is 3.04, hence the larger current will be supplied with 
4 files and 5 cells in series. Ans. 4 files, with 5 cells in series. 

Example. — It is desired to pass a current of .025 ampere 
through an external resistance of 921 ohms. The cells are to be 
connected in series and each has an E. M. F. of .8 volt and an 
internal resistance of 1.3 ohms. What number of cells must be 
used ? 

Solution. — From page 28, the general formula for cells in 
series is, 



J{ + n r 

and in this case /= .025, U= .8, 72= 921 and r = 1.3. Substi- 
tuting these values gives, 



.02o = ^ 



921 + 7a.3 
Multiplying by 921 -j- l-^ >^ gives 

28.025 + .0325n = .871 
Transposing .0825 n gives 

.8y^_.(J825 // =z 28.025 
or .7675 ;/ 1= 28.025 

hence, n 1= 80 



Ans. 80 cells. 



EXAHPLES FOR PRACTICE, 

1. Ten cells in seiies have an E. M. F. of 1 volt each and 



34 THE ELECTRIC CUIiRENT. 

an internal resistance of .2 ohm. The external resistance is 3 
ohms. What is the current ? Ans. 2 amperes. 

2. Six cells, each of which has an E. M. F. of 1.2 volts and 
a resistance of 2 ohms, are connected in parallel. With an external 
resistance of 10 ohms, what is the current? Ans. .116 + ampere. ^ 

3. What is the current supplied by the same cells if joined 
in series and the external resistance is 20 ohms ? 

Ans. .225 ampe: 3. ^ 

4. A single cell whose E. M. F. on open circuit is 1.41 volts 
and whose internal resistance is .5 ohm is supplying a current of 
.3 ampere. What is the available E. M. F. of the cell ? 

Ans. 1.26 volts. ^ 

5. What would be the available E. M. F. with 8 of the 
cells referred to in example 4, when connected in series and sup' 
plying the same current ? Ans. 10.08 volts. 

6. Eight Daniell cells (E. M. F. = 1.05, resistance = 2.5 
ohms each) are joined in series. Three wires A^ B and O of 9, 
36 and 72 ohms resistfince respectively are arranged to be connected 
to the poles of the battery. Find the current when each wire is in- 
serted separately, and when all three wires are connected in parallel. 

Ans. Through J., .29 ampere nearly ; through i?, .15 ampere ; 
through 6\ .091 + ampere ; and through all three, .31 -j- ampere. 

7. A battery of 28 Bunsen cells (E. M. F. = 1.8, resistance 
= .1 ohm each) are to supply current to a circuit having an 
external resistance of 30 ohms. Find the current (a) when all 
the cells are joined in series, (6) when all the cells are in parallel, 
(js) when there are 2 files each having 14 cells in series, (c?) when 
there are 7 files each having 4 cells in series. 

Ans. (a) 1.53 + ; (J) .06 nearly; ((?) .82 + ; (d) .23 + 
ampere. 

QUANTITY, ENERGY AND POWER. 

Quantity. The strength of a current is determined by the 
amount of electricity which passes any cross section of the conduc- 
tor in a second; that is, current strength expresses the rate at 
which electricity is conducted. The quantity of electricity con- 
veyed evidently depends upon the current strength and the time 
the cun-ent continues* 
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The Coulomb. The coulomb is the unit of quantity and is 
equal to the aniount of electricity which passes any cross-section 
of the conductor in one second when the current strength is one 
ampere. If a current of one ampere flows for two seconds, the 
quantity of electricity delivered is two coulombs, and if two 
amperes flow for one second the quantity is also two coulombs. 
With a current of four amperes flowing for three seconds, the 
quantity delivered is 12 coulombs. The quantity of electricity in 
coulombs is therefore equal to the current strength in amperes 
multiplied by the time in seconds, or 

where Q it the quantity in coulombs, J the current in amperes and 
t the time in seconds. 

The coulomb is also called the ampere-second. The quantity 
of electricity delivered in one hour when the current is one 
ampere is called one ampere-hour. The ampere-hour is equal to 
3,600 coulombs, as it is equal to one ampere for 3,600 seconds. 

From the formula Q =. It, it follows that 

t I 

Example. — A current of 18 amperes flows through a circuit 
for 2^ hours. What quantity of electricity is delivered? 

Solution. — Reducing 2| hours to seconds gives 8,100 seconds, 
and 8,100 X 18 = 145,800. Ans. 145,800 coulombs. 

Example. — What is the strength of current when 1|- ampere- 
hours pass in a circuit in 89 seconds? 

Solution. — One and one-half ampere-hours equal 5,400 
coulombs and as current strength is expressed by quantity divided 
by time, the current is 5,400 ~ 89 = 60. + amperes. 

Ans. 00. -j- amperes. 

EXAMPLES FOR PRACTICE. 

1. How many coulombs are delivered in 9 minutes, when 
the current is 17^ amperes ? Ans. 9,450 coulombs. 

2. What is the current when 480 coulombs are deliverec 
per minute ? Ans. 8 amperes. 
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3. In what time will 72,000 coulopabs be delivered when the 
current is 80 amperes ? Ans. 1 5 minutes. 

4. How many ampere-hours pass in a circuit in 2| hours 
when the current is 22 amperes? Ans. 60.5 ampere-hours. 

Energy. Whenever a current flows, a certain amount of 
energy is expended, and this may be transformed into heat, or 
mechanical work, or may produce chemical changes. The unit of 
mechanical energy is the amount of work performed in raising a 
mass of one pound through a distance of one foot, and is called 
the foot-pound. The work done in raising any mass through any 
height, is found by multiplying the number of pounds in that mass 
by the number of feet through which it is lifted. Electrical work 
may be determined in a corresponding manner by the amount of 
electricity transferred through a difference of potential. 

The Joule. The joule is the unit of electrical energy, and is 
the work performed in transferring one coulomb through a differ- 
ence of potential of one volt. That is, the unit of electrical energy 
is equal to the work performed in transferring a unit quantity of 
electricity through a unit difference of potential. It is evident 
that if 2 coulombs pass in a circuit and the difference of potential 
is one volt, the energy expended is 2 joules. Likewise if 1 cou- 
lomb passes and the potential difference is 2 volts, then the energy 
expended is also 2 joules. Therefore, to find the number of joules 
expended in a circuit, multiply the quantity of electricity by the 
potential difference through which it is transferred. This is 
expressed by the formula, 

W= Q E, or W=.IJEt, 
where TTis the work in joules, Q the quantity in coulombs, ^the 
potential difference in volts, J the current in amperes and t the 
time in seconds. 

By Ohm's law JE=: R I and by substituting this value of JE? 
in the equation for energy, we obtain the formula, 

which may be used when the current, resistance, and time are 
known, R being the resistance in ohms. 

Example. — With a potential difference of 97 volts and a cur- 
rent of 14 amperes, what energy is expended In 20 minutes ? 

Solution. — Work is expressed by the product of the quantity 
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and potential difference. The time in seconds equals 20 X 60= 
1200, and the work W= 14 X 1200 X 97 = 1,629,600 joules. 

Ans. 1,629,600 joules. 

Example. — The resistance of a circuit is .9 ohm, and the 
current is 25 amperes. What energy is expended in half an hour? 

Solution.— Substituting these values of resistance, current 
and time in the formula W= I^ R ^ we have, W=z 25 2 x .9 X 
30 X 60 z= 1,012,500 joules. Ans. 1,012,500 joules. 

Power, Power is the rate of doing work, and expresses the 
amount of work done in a certain time. The horse-power is the 
unit of mechanical energy, and is equal to 33,000 foot-pounds per 
minute or 550 foot-pounds per second. A certain amount of work 
may be done in one hour or two hours, and in stating the work 
done to be so many foot-pounds or so many joules, the rate at 
which the work is done is not expressed. Power on the other 
hand, includes the rate of working. 

It is evident that if it is known that a certain amount of work 
is done in a certain time, the rate at which the work is done, or 
the power, may be obtained by dividing the work by the time, 
giving the work done per unit of time. 

The Watt. The electrical unit of power is the watt, and is 
equal to one joule per second, that is, when one joule of work is 
expended in one second, the power is one watt. If the number of 
joules expended in a certain time is known, then the power in 
watts is obtained by dividing the number of joules by the time in 
seconds. The formulas for the work done in joules as given 
on the preceding pages are, 

By dividing each of these by the time ^, we obtain the cor- 
responding formulas for power as follows : 

P= J J?, and P = /2 Ji^ where P is the power in watts, 1 
the current in amperes, E the potential difference in volts, and R 
the i^esistance in ohms. 

The power is obtained therefore, by multiplying the current 
by the voltage, or by multiplying the square of the current by the 
resistance. 

The watt is sometimes called the volt-ampere. 

For large units the kilowatt is used, and this is equal to 1,000 
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watts. The common abbreviation for kilowatt is K. W. The 
kilowatt-hour is a unit of energy, and is the energy expended in 
0"e hour when the power is one kilowatt. 

EXAilPLES FOR PRACTICE, 

1. A current of 40 amperes is supplied to a circuit and the 
voltage is 110. What is the power in watts? Ans. 4400 watts. 

2. What is the power in kilowatts supplied to a number of 
incandescent lamps when the current is 84 amperes and the volt- 
age of the circuit 97 ? Ans. 8.1+ kilowatts. - 

3. A circuit has a resistance of 50 ohms and the current is 
12 amperes. What power is expended in the circuit? 

Ans. 7.2 K. W. 

4. The voltage of an incandescent lamp circuit is 220 volts, 
and the resistance 2 ohms. What power is expended in the cir- 
cuit? Ans. 24.2 K. W. 

Note. — First find current by Olim's law. 

Equivalence of Electrical Energy in Heat Units. When- 
ever there is any resistance to the flow of a current there is always 
a certain amount of electrical energy transformed into heat. The 
current in passing through such resistance expends a certain 
amount of energy in overcoming the resistance, and this energy is 
dissipated as heat. The entire electrical energy of a circuit may 
be transformed into heat, as in a lamp circuit, or only part of the 
energy may appear as heat, the remainder being transformed into 
mechanical or chemical work. The energy which appears as heat 
raises the temperature of the circuit to an amount depending upon 
its radiating surface, and the temperature of the surrounding 
medium. 

When the resistance of a circuit and the current are known, 
the electrical energy expended may be calculated by finding the 
product of the square of the current, the resistance, and the time, 
as by the formula at the foot of page 36. All this energy is 
transformed into heat. Other work may be done by the current, 
as would be the case if an electric motor were connected to the 
circuit, but this requires additional energy to that which is dissi- 
pated as heat. The formula referred to gives only the energy lost 
^ heat, which is the total energy when no other work is done. 
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This formula, which gives the energy in joules, is in accordance 
with Joule's law, which is as follows : 

The number of heat units developed in a conductor is propor- 
tional to its resistance^ to the square of the current^ and to the time 
the current lasts. 

As we have seen, the unit of electrical energy is the joule. 
The common unit of heat is the calorie, which is the amount of 
heat necessary to raise the temperature of 1 gram of water through 
1 degree Centigrade. By careful investigations it has been found 
that the joule is equivalent to .24 of a calorie ; that is, one joule 
of electrical energy when transformed into heat is equal to .24 
calorie. Electrical energy may therefore be expressed in heat 
units by multiplying the number of joules by .24 ; that is, 

Z7= J2 X /^ X ^X .24 
where Uis the heat in calories. 

As one joule is equivalent to .24 calorie, it follows that one 
calorie is equivalent to 4.2 joules approximately. 

EXAHPLES FOR PRACTICE. 

1. How many calories will be developed by a current of 30 
amperes flowing through a resistance of 12 ohms for 10 seconds? 

Ans. 25,920 calories,^ 

2. What amount of heat will a current of 20 amperes 
develop if it flows through a resistance of 80 ohms for 2 seconds ? 

Ans. 15,360 calories.' 
Equivalent of Electrical Energy in flechanical Units. The 
common unit of mechanical energy is the foot-pound, and from 
experiment it has been found that one joule is equivalent to 
.7373 foot-pound ; that is, the same amount of heat will be 
developed by one joule as by .7373 foot-pound of work. 

As one horse-power is equal to 550 foot-pounds per second, it 
follows that this rate of working is equivalent to 

550 
— -l— zn 746 joules per second (approx.). 
•ToTo 

Hence one horse-power is equivalent to 746 watts. There- 
fore to find the equivalent of mechanical power in electrical 
power multiply the horse-power by 746, and to nnd the equiva- 
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lent of electrical power in mechanical j)ower divide the number of 
watts by 74t). 

EXAilPLES FOR PRACTICE. 

1. A power of 287 watts is equivalent to how many horse- 
power? Ans. .38+ H. P. 

2. The voltage applied to a circuit is 500 and the current is 
19G amperes. What is the equivalent horse-power of the circuit? 

Ans. 131 + H. P. 

3. What is the equivalent of 43 H. P. in kilowatts? 

Ans. 32 + K. W. 

4. How many horae-power approximately are equivalent to 
one kilowatt? Ans. 1^ H. P. ^ 

THE SUPPLY OF ELECTRICAL ENERGY. 

Electrical energy is now made use of on such a large scale 
for lighting, power, heating, etc., that it is genemted or pit)- 
duced by machines of great capacity. The dynamo is used for 
this purpose and machines having a capacity of several thousand 
kilowatts are now common. 

Central Stations. Large central stations or power houses 
are built at convenient places and here are collected the generat- 
ing, controlling and measuring apparatus. Usually steam engines 
or turbines are used to drive the dynamos, and from the latter, 
large copper mains conduct the current to the switchboard located 
within the station. Here are assembled all the regulating devices, 
instruments, and switches for the control of the system. From 
the switchboard conducting mains run out to various distant 
points, where the energy is to be used, to the receiving apparatus, 
such as electric motors, lamps, heating devices, etc. A complete 
system is therefore made up of three sub-divisions — the generat- 
ing plant, the conducting mains, and the receiving apparatus. 

Isolated Plants. Besides large central stations which occupy 
one or more entire buildings and which are usually built and 
designed especially for such purpose, there are the comparatively 
small and simple plants called isolated power plants. They are 
purely local systems and supply energy to a single building, or to 
buildings in the immediate vicinity. The generating apparatus 
in this case is usually located in the basement of the building. 
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Large hotels and oflice buildings are frequently provided with 
individual generating plants. 

Losses in Energy. In operating an electrical machine there 
is always some loss in energy, that is, the machine does not give 
out an amount of energy equivalent to the amount it receives. 
Besides ordinary mechanical losses there is in addition the electri- 
cal loss, which always occurs when a current flows through any 
resistance. This loss as previously explained, is equal to the 
square of the current multiplied by the resistance. 

The ratio of the amount of energy which a machine gives 
out, to the amount which it receives is called the commercial 
efficiency of the machine. F.or example, if the commercial effi- 
ciency of a dynamo is stated to be 80%, then 20% of the energy 
given to the dynamo is lost, partly in overcoming friction and 
partly in electrical losses. 

Where electricity is transmitted some distance by means of 
conducting mains, there takes place a loss in the line due to heat- 
ing, which is frequently as much as 10%. Also at the receiving 
station, if the electrical energy is converted into mechanical by 
means of an electric motor, there will be a further loss. 

Illustrative Example. For example, suppose it is desired to 
ascertain the losses in a system which comprises a generator, 
conducting mains and an electric motor. Suppose the efficiency 
of the generator is 92 % and that 1000 horse-power are impartefU 
to it by the driving engine. The output of the dynamo will be 
.92 X 1000, or 920 horse-power, and this is equivalent to 
920 X 746, or 686,320 watts. The energy lost in the dynamo 
will be 80 X 746, or 59,680 watts. We will assume the voltage 
of the dynamo and the circuit to be 1000, and as the power in 
watts is equal to the product of the voltage and current, the cur- 
rent must be 686,320 -f- 1000, or 686 amperes approximately. 

Now suppose the resistance of the conducting mains is equal 
to .11 ohms. Knowing the current in the mains and the resis- 
tance, the loss therein is obtained by applying the formula i^ R 
giving 686 '-^ X .11, or 51,765 watts. The energy available at the 
receiving end of the line will therefore be 686,320 — 51,765, or 
634,555 watts. 

The remaining loss to be considered is that in the electric 
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motor. Assuming the efficiency of the motor to be 90^, the 
power lost therein will be .10 X 634,555, or 63,455 watts. The 
output of the motor is therefore equivalent to 634,655 — 63,455, 
or 671,100 watts. This in mechanical units is equal to 671,100 -^ 
746, or 765 horse-power approximately. 

Hence from an input of 1,000 horse-power at the generating 
station, the work the motor is capable of performing at the receiv- 
ing station is 765 horse-power. The efficiency of the entire 
system under the assumed conditions is therefore 765 -J- 1,000, or 
76.5%. 

Among the great variety of generating machines, systems of 
distribution and auxiliary devices, each has its particular advan- 
tage for special conditions, and the selection of the type of ma- 
chine and system of distribution depends almost entirely upon the 
special circumstances. For example, a low voltage system is best 
adapted for isolated plants, whereas for the transmission of power 
long distances very high voltages are used. The various types of 
machines, systems, etc., with their special advantages and disad- 
vantages will be fully considered in the following Instruction 
Papers. 
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INSTALLING THE DYNArtO. 

Dynamos should be located in a dry place so situated that 
the surrounding atmosphere is cool. If the surrounding air is 
warm, it reduces the safe carrying capacity of the machine and is 
likely to allow such temperature to rise in the machine itself as to 
burn out either armature or field, or both. A dvnamo should not 
be installed where any hazardous process is carried on, nor where 
it would be exposed to inflammable gases or flying combustible 
materials, as the liability to occasional sparks from the commuta- 
tor or brushes might cause serious explosions. 

Wherever it is possible, dynamos should be raised or insu- 
lated above the surrounding floor, on wooden base frames, which 
should be kept filled to prevent the absorption of moisture, and 
also kept clean and dry. When it is impracticable to insulate a 
dynamo on account of its great Aveight, or for any other reason, 
the Inspection Department of the Board of Fire Underwriters 
having jurisdiction may, in writing, permit the omission of the 
wooden base frame, in which case the frame should be permanent- 
ly and effectively grounded. When a frame is grounded, the in- 
sulation of the entire system depends upon the insulation of the 
dynamo conductors from the frame, and if this breaks down the 
system is groundtnl and should be remedied at once. 

Grounding Dynamo Frames can be effectually done by 
firmly attaching a wire to the frame and to any main water pipe 
inside the building. The wire should be securely fastened to the 
pipe by screwing a brass plug into the pipe and soldering the ware 
to this plug. When the dynamo is direct driven, an excellent 
ground is obtained through the engine coupling and the piping of 
the engine and boiler. 

Wherever high- potential machines have their frames ground- 
ed, a small board walk should be built around them and raised 
above the floor, on porcelain or glass insulators, in order that the 
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dynamo tender may be protected from a shock when adjusting 
brushes or working about the machine. 

Sufficient space should be left on all sides of the dynamo and 
especially at the commutator end, so that there may be ample 
room for removing armatures, commutators, or any other parts at 
any time. 

Circuit Breakers and Fuses* Every constant-potential gen- 
erator should be protected from excessive current by a safety fuse 
or equivalent device of approved design, in each wire lead, such 
as a circuit breaker. The latter is preferable, on account of its 
being immeasurably more accurate and convenient for resetting. 
Such devices should be placed on or as near as possible to the 
dynamo. When the needs of the service make these devices im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, modify the requirements. 

The best practice is to place the fuses on the dynamo itself, 
and the circuit breakers on the switchboard. 

Waterproof Covers should be provided for every dynamo 
and placed over each machine as soon as it is shut down. JTegli- 
gence in this matter has caused many an armature and field coil 
to burn out, as only a few drops of water are necessary to cause a 
short circuit as soon as the machine is started up again, which 
might do many dollars' worth of damage, to say nothing of the 
inconvenience caused by shutting off light or power when it is 
most needed, and for an indefinite length of time. 

Name-Plates. Every dynamo should be provided with a 
name-plate, giving the maker's name, the capacity in volts and 
amperes, and the normal speed in revolutions per minute. This 
will show exactly what the machine was designed for, and how it 
should be run. 

Wiring from Dynamos to switchboards should be in plain 
3ight or readily accessible, and should be supported entirely 
upon non-combustible insulators, such as glass or porcelain ; in no 
case should any wire come in contact with anything except these 
insulators, and the terminals upon the dynamos and switchboards. 
When it becomes necessary to run these wires through a wall or 
floor, the holes must be protected by some approved non-combus- 
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tible insulating tube, such as glass or porcelain, and in every case 
the tube must be fastened so that it shall not slip or pull out. 
Sections of any tubing, whether armored or otherwise, that are 
chopped off for this purpose, should not be used. All wires for 
dynamos and switchboard work should be kept so far apart that 
there is no liability of their coming in contact with one another, 
and should be covered with non-inflammable insulating material 
sufficient to prevent accidental contact, except that bus bars may 
be made of bare metal so that additional circuits can be readily 
attached. Wires must have ample carrying capacity, so as not to 
heat with the maximum current likely to flow through them under 
natural conditions. (See "Capacity of Wires Table," page 37.) 
So much trouble in past years has arisen from faulty construction 
of switchboards, and the apparatus placed upon them, that strict 
requirements have been necessarily adopted by engineers as well 
as insurance inspectors, and the following suggestions are recom- 
mended by the latter : 

The Switchboard should be so placed as to reduce to a min- 
imum the danger of communicating fire to adjacent combustible 
material, and, like the dynamo, should be erected in a dry place 
and kept free from moisture. It is necessary that it should be 
accessible from all sides when the wiring is done on the back of 
the board, but it may be placed against a brick or stone wall when 
all wiring is on the face. 

The board should be constructed wholly of non-combustible 
material, but when this is impossible a hard-wood board made in 
skeleton form, and well filled to prevent absorption of moisture, is 
considered safe. Every instrument, switch or apparatus of any 
kind placed upon the switchboard should have its own non-com- 
bustible insulating base. This is required of every piece of ap- 
paratus connected in any way with any circuit. If it is found 
impossible to place the resistance box or regulator (which should, 
in every case, be made entirely of non-combustible material) upon 
the switchboard, it must be placed at least one foot from com- 
bustible material or separated therefrom by a non-inflammable, 
non-absorptive insulating material. A slate slab is preferable. 
Special attention is called to the fact that switchboards should not 
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be built down to the floor, nor up to the ceiling, but a space of at 
least ten or twelve inches should be left between the floor and the 
board, and from eighteen to twenty-four inches between the ceil- 
ing and the board, in order to prevent fire from communicating 
from the switchboard to the floor or ceiling, and also to prevent 
space being used for storage of rubbish and oily waste. 

Li j^htning Arresters should be attached to each side of every 
overhead circuit connected with the station. 

It is recommended to all electric light and power companies 
that arresters be connected at intervals over systems in such num- 
bers and so located as to prevent ordinary discharges entering 
(over the wires) buildings connected to the lines. They should 
be located in readily accessible places away from combustible ma- 
terials, and as near as practicable to the point where the wires 
enter the building. 

Station arresters should generally be placed in plain sight 
on the switchboard. In all cases, kinks, coils and sharp bends in 
the wires between the arresters and the outdoor lines should be 
avoided as far as possible. Arresters should be connected with a 
thoroughly good and permanent ground connection by metallic 
strips or wires having a conductivity not less than that of a ?fo. 
6 B; & S. copper wire, and running as nearly as possible in a 
straight line from the arresters to the earth connection. 

Ground wires for lightning arresters should not be attached 
to gas pipes within the buildings. 

It is often desirable to introduce a choke coil in circuit be- 
tween the arresters and the dynamo. In no case should the 
ground wire from a lightning arrester be put into iron pipes, as 
these would tend to impede the discharge. 

Unless a good, damp ground is used in connection with all 
lightning arresters, they are practically useless. Groimd con- 
nections should be of the most approved construction, and should 
be made where permanently damp earth can be conveniently 
reached. For a bank of arresters such as is commonly found in 
a power house, the following instructions will be found valuable: 
First, dig a hole six feet square directly under the arresters, until 
j)ermaneiitly damp earth has been reached; second, cover the hot- 
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toiii of this hole with two feet of crushed coke or charcoal (about 
pea size) ; third, over this lay twenty-live square feet of No. 16 
copper plate; fourth, solder at least two ground wires, which 
shoidd not be smaller than Xo. G, securely across the entire sur- 
face of the ground plate; fifth, now cover the ground plate with 
two feet of crushed coke or charcoal ; sixth, fill in the hole with 
earth, using running water to settle. 

All lightning arresters should be mounted on non-combustible 
bases and be so constructed as not to maintain an arc after the 
discharge has passed ; they should have no moving parts. 

. Testing of Insulation Resistance. All circuits except those 
permanently grounded should be provided with reliable ground 
detectors. Detectors which indicate continuously and give an in- 
stant and permanent indication of a ground are preferable. 
Groimd wires from detectors should not be attached to gas pipes 
within the building. 

Where continuously indicating detectors are not feasible, the 
circuits should be tested at least once per day. 

Data obtained from all tests should be preserved for examin- 
ation. 

Storage or Secondary Batteries should be installed with as 
much care as dynamos, and in wiring to and from them the same 
precautions and rules should be adopted for safety and the pre- 
vention (;f leaks. The room in which they are placed should be 
kept not only dry, but exceptionally well aired, to carry oif all 
fumes which are bound to arise. The insulators for the support 
nf the secondary butteries shonld be glass or porcelain, as filled 
wood alone would not be ap])roved. 

Care of Dynamos. A few suggestions as to the care of the 
dynamo, as well as its installation, may be of value ; and one of the 
important points under this head is that the driving power should 
have charact(»ristics of steadiness and regularity of speed, and 
should ahvays be sufficient to drive the dynamo with its full load, 
besides doing the oilier work which it may be called upon to sus- 
lain. T'nsjitisffK'tory results jire jdwnvs obtained by attempting 
to run a tlynaino on an overloade(l engine. 
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Wooden bed-plates are supplied, when ordered, for all dyna- 
mos, except in the largest and direct-connected machines. 

Most machines are fitted with a ratchet and screw bolt, so 
that they may be moved backward or forward on the bed-plate in 
a direction at right angles to the armature shaft. By this means 
the driving belt can be tightened or loosened at will, while the 
machine is in operation. Care should be taken in tightening the 
belt not to bind the bearings of the armature and force the oil 
from between the surfaces of the shaft and boxes. Such practice 
will inevitably cause heating of the bearings and consequent in- 
jury. 

Machines are usually assembled, unless ordered otherwise, so 
that the armature revolves clock-wise when the observer faces the 
pulley end of the shaft. All bipolar dynamos, however, may be 
driven in either direction by reversing the brushes and changing 
field connections. 

The machine is provided with a pulley of the proper size to 
transmit the power demanded, and a smaller one should not be 
substituted unless approval be obtained from the makers. 

When driving from a countershaft, or when belted directly 
to the main shaft, a loose pulley or belt holder should be used, to 
admit of starting and stopping the dynamo while the shafting is 
running. 

Belts. A thin double or heavy single belt should be used, 
about a half inch narrower than the face of the pulley on the dy- 
namo. An endless belt, one without lacing, gives the greatest 
steadiness to the lights. 

All bolts and nuts should be firmly screwed down. All 
nuts which form part of electrical connections should receive 
special attention. 

The copper commutator brushes are carefully ground to fit 
the commutator, and they should be set in the holders so as to 
bear evenly upon its surface. On machines where two or more 
brushes are supported on one spindle, the brushes on the same side 
of the commutator must be set so that they touch the same seg- 
ments in the same manner. The brushes on the other side of the 
commutator must be set to bear on the segments diametrically 
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opposite. When the hrushes are not so set it is impossible to run 
the machine without sparking. A convenient method of deter- 
mining the proper bearing point for the brushes is to set the toe 
of one brush at the line of insulation, dividing two segments of 
the commutator; then count the dividing lines for one-half the 
way around the surface, and set the other brush or brushes at the 
line diametrically opposite the first. Thus, on the forty-four 
segment commutator, after setting the tip of one brush at a line 
of insulation, count around twenty-three lines, setting the other 
brush at the twenty-third line, thus bringing the tips directly op- 
130site each other. The angle which the brushes form with the 
surface of the commutator should be carefully noted, and the 
brushes should not be allowed to w^ear so as to increase or decrease 
this angle. Careless handling of the machine is at once indicated 
by the brushes being worn either to a nearly square end, or to a 
long taper in which the forward wires of the brush far outrun the 
back or inside wires. Either condition will inevitably be attended 
with excessive wear of both commutator and brushes. 

After copper bfushes are set in contact with the commutator, 
the armature should nev^er be rotated backward. If it is required 
to turn the armature back, raise the brushes from the commutator 
by the thumb screw on the holder provided for that purpose, be- 
fore allowing such rotation. When starting a machine, it is al- 
wa^^s better to let the brushes down upon the commutator after 
the machine has started, rather than before, except when carbon 
brushes are used. 

Bearing:!. See that the bearings of the machine are clean 
and free from grit, and that the oil reservoirs are filled with a 
good quality of lubricating oil. The oil reservoirs should always 
be examined before starting, nnd all loose grit removed. After 
starting the machine, the oil should be all drawn oflF at the end of 
each day's run for the first three or four days, after which it may 
1)0 assumed that any remaining grit has been carried off with the 
oil, and it will only be necessary to add a little fresh oil once i^^ 
seven or ten days. 

Starting Up a Dynamo or Hotor. Fill the oil reservoirs 
and see that the automatic (nlinii: rin2:s are free to move. In the 
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case of dynamos fitted with oil cups, start the oil running at a 
moderate rate. Too little oil will result in heating and injury of 
the bearings, but, on the other hand, excessive lubrication is un- 
necessary, wasteful and sometimes productive of harm. 

When the dynamo is ready to be started, place the driving 
l>elt on the pulley on the armature shaft, and then slip it from 
the loose pulley or belt holder on to the driving pulley on the 
countershaft. Tighten the belt by means of the ratchet on the 
bed-plate, just sufficiently to keep it from slipping. Care should 
be taken not to put more pressure than is necessary on ne^v bear- 
ings ; carelessness in this respect is often followed by heating of 
the boxes, and possible permanent injury. 

The brushes may now be let down upon the commutator, and 
the magnets will be slowly energized. Move the brushes slowly 
backward or forward by means of the yoke handle until there is 
no sparking at the lower brushes. Clamp the yoke in this posi- 
tion. If the top brushes then spark, move them slightly, one at a 
time, forward or backward in the brush holder until their non- 
sparking point is found. 

The spring pressure exerted upon the commutator brushes 
should be just sufficient to produce a good contact without causing 
cutting. If the brushes cut, the commutator must be smoothed 
by the use of sandpaper, not emery cloth. 

The dynamo should run without load, at the speed given by 
the manufacturer, and this speed should be uniformly maintained 
under all conditions. In the case of incandescent dynamos, any 
increase of speed above that given, shortens the life of the lamps, 
while a variation below causes unsatisfactory lights. 

Before the load is put on, the dynamo should be tested for 
polarity. This can be done by holding a small pocket compass 
near the field or pole piece. If the dynamo is connected to bo 
run in multiple with another machine and happens to be polar- 
ized wrong, it can be given the right polarity by lifting the brushes 
from the commutator, closing the field switch and then closing 
the double-pole switch used to throw it in multiple with the other 
machine, which is supposed to bo now running. After the cur 
rent has boon allowed to pass through the fields for a few moments, 
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the double-pole switch can be thrown open, and if a test with the 
compass is again made the polarity will be found to be right, and 
I he dynamo is ready to be started in the usual manner. 

In starting for the first time a bipolar dynamo which is to be 
run in multiple with a spherical armature dynamo, the above in- 
structions should always be followed. 

If the dynamo is to be used in series with another on the 
three-wire system, and is found to be polarized wrong, it can be 
given the right polarity by making a temporary connection from 
the positive brush of the new machine to the positive brush of the 
machine already in operation; and also a temporary connection 
from negative brubih to negative brush, having first raised the 
brushes from the commutator and closed the fi^ld switch. Keep 
this connection for a few minutes, then open the field switch and 
break the temporary connections. 

Another test with the compass will show that the polarity of 
the machine is now correct, and the dynamo is ready to be started 
in the usual manner. 

Assuming that the lamps and lines are all ready, the follow- 
ing precautions must be observed when starting the dynamo: 

Be very careful that the brushes are properly set and dia- 
metrically opposite each other, as explained before. 

Be sure that all connections are securely made, and all nuts 
on the connection boards firmly set. 

In cases w^hore two or more dynamos are connected in multi- 
ple by the use of the equalizing connection, care should be taken 
that the circuit wires from both positive brushes are connected to 
the same sid(» of the main line, while those from the negative are 
connected to the other side. 

A neat arrangement of the equalizing connection can be 
made by using triple-pole switches on the switchboard, instead of 
double-pole switches, and making the equalizing connections 
through the center pole of the sw^itch, instead of running a cable 
direct from one dynamo to the other. This method is especially 
desirable where three or more dynamos are run in multiple. 

When dynamos nre connected in scries, as in the cases where 
the three-wire system is in use, the leading wire from the positive 
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brush of one machine is connected to the negative brush of the 
other. The other two brushes (negative and positive) are con- 
nected to the main wire on the outside of the system, while the 
third or center wire is connected to the conductor between the two 
dynamos. 

Dust or Qritty Substances. All insulations should be care- 
fully cleaned at least once a day. 

If any of the connections of the machine become heated, ex- 
amination will show that the metal surfaces are not clean or not 
in perfect contact. Avoid the use of water or ice on the bearings 
in case of accidental heating, as the water may get to the arma- 
ture and injure the insulation. 

The Commutator should be kept clean and allowed to pol- 
ish or glaze itself while running. No oil is necessary, unless the 
brushes cut, and then only at the point of cutting. A cloth 
slightly greased with vaseline is best for the purpose. Never 
use sandpaper on the commutator without first lifting the brushes. 
Otherwise the grit will stick to the brushes and cut the commu- 
tator. 

Brushes. Care should be taken to keep copper commutator 
brushes in good shape, and not to allow them to be worn out of 
square ; that is, too much to one side, so that the end is not worn 
at right angles to the lateral edges. 

When the machine is not running, the brushes should always 
be raised from the commutator. The brushes should be kept 
carefully cleaned, and no oil or dirt allowed to accumulate upon 
them. This can be done by washing them occasionally in benzine 
or in a hot solution of soda ash. 

Manufacturers usually furnish a gauge, which should be 
used occasionally to test the wearing of the brushes. If they are 
found to be worn either too flat or too blunt, they should be filed 
in proper shape, or, better still, ground on a grindstone. Carbon 
brushes require less care. Spindles upon which the brush holders 
are arranged to slide should be cleaned with emery cloth often 
enough to prevent tarnishing or the collection of dirt, which 
might cause heating by impairing the electrical connection. 

Brush holders that can be moved laterally on the spindle by 
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which they are supported, should be so arranged that the top and 
bottom brushes will bear on different parts of the length of the 
commutator, for the purpose of distributing the wear more uni- 
forndy. 

In case of a hot box the most natural thing to do is to shut 
the machine down, but this should never be done until the fol- 
lowing alternatives have been tried and failed: 

First — Lighten the load. 

Second — Slacken the belt. 

Third — Loosen the caps on the boxes a little. 

Fourth — Put more oil in bearings. 

Fifth — If all the above fail to remedy the heating, use a 
heavy lubricant, such as vaseline or cylinder oil. Should the 
heating then diminish, the shaft must be polished with crocus 
cloth and the boxes scraped at the end of the day. 

Sixth — Under no conditions put ice upon the bearing, un- 
less you are perfectly familiar with such a procedure. 

Seventh — If it is absolutely necessary to shut down, get the 
belt off as soon as possible, keeping the machine revolving mean- 
while in order to prevent sticking, and at the same time take off 
the caps of the bearings. Do not stop the flow of oil to the bear- 
ings. When the caps have been taken off, stop the machine and 
get the linings out immediately, and allow them to cool in the air. 
Do not throw the linings into cold water, as it is liable to spring 
them. 

Scraping should be done only by an experienced person, 
otherwise the linings may be ruined. Polish the shaft with cro- 
cus cloth, or, if badl}' cut, file with a very fine file, and afterwards 
polish with crocus. 

Wipe the shaft, as well as the boxes, very carefully, as per- 
haps grit has boon the ofiuso of the hot box. Inspect the bearings; 
see that thov ^^^ ^^ line, that the shaft has not been sprung, and 
that the oil collar does not bear against the box. 

Oily Waste should be kept in approved metal cans (made 
entirely of metal, with legs raising them at least three inches 
above the floor and with self-closing covers), and removed daily. 

A competent man should always be kept on duty where gen- 
erators are operating. 
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THE INSTALLATION OF MOTORS. 

All motors should be insulated on floors or base frames, which 
should be kept filled to prevent absorption of moisture; also they 
should be kept clean and dry. Where frame insulation is im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, permit its omission, in which case the frame should be 
permanently and effectively grounded. 

A high-potential machine which on account of great weight 
or for other reasons cannot have its frame insulated, should be 
surrounded with an insulated platform. This may be of wood, 
mounted on insulating supports, and so arranged that a man must 
stand upon it in order to touch any part of the machine. 

The leads or branch circuits should be designed to carry a 
current at least fifty per cent greater than that required by the 
rated capacity of the motor, to provide for the inevitable over- 
loading of the motor at times, without over-fusing the wires. 

The motor and resistance box should be protected by a cut- 
out or circuit breaker, and controlled by a switch, the switch 
plainly indicating whether "on" or "off." Where one-fourth 
horse power or less is used on low-tension circuits a single-pole 
switch will be accepted. The switch and rheostat should be lo- 
cated within sight of the motor, except in cases where special 
permission to locate them elsewhere is given, in writing, by the 
Inspection Department having jurisdiction. 

In connection with motors the use of circuit breakers, auto- 
matic starting boxes and automatic under-load switches is recom- 
mended, wherever it is possible to install them. 

Motors should not be run in series, multiple, or multiple- 
series, except on constant-potential systems, and then only by 
special permission of the Inspection Department having juris- 
diction. 

Like generators, they should be covered with a waterproof 
cover when not in use, and if necessary, should be inclosed in an 
«M5Droved case. 

Motors, when combined with ceiling fans, should be hung 
from insulated hooks, or there should be an insulator interposed 
between the motor and its support. 
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Every motor should be provided with a name-plate, giving 
the maker's name, the capacity in volts and amperes, and the 
normal speed in revolutions per minute. 

One rule at all times to be remembered in starting and 
stopping motors is, Switch firsts rheostat last, which means, in 
starting, close the switch first, and then gradually cut out all re- 
sistance as the motor speeds up, and to stop the motor open the 
switch first and then cut in all the resistance of the rheostat 
which is in series with the motor armature. 

When starting any new motor for the first time, see that the 
belt is removed from the pulley and the motor started with no 
load. Never keep the rheostat handle on any of its coils longer 
than a moment, as they are not designed to regulate the speed of 
the motor but to prevent too large a flow of current into the 
armature before the latter has attained its full speed. 

Fig. 1 shows a rheostat which is designed to protect auto- 
matically the armature of a motor. The contact arm is fitted with 
a spring which constantly tends to throw the arm on the "off 
point" and open the circuit, but is prevented from so doing, while 
the motor is in operation, by the small electro-magnet, shown on 
the face of the rheostat, which consists of a low-resistance coil con- 
nected in series with the field winding of the motor. This mag- 
net holds the contact arm of the rheostat in the position allow- 
ing the maximum working current to flow through the armature 
while it is in operation. 

If, for any reason, the current supplied to the motor be 
momentarily cut off, the speed of the armature generates a coun- 
ter current which also tends to hold the arm in position as long 
as there is any motion to the motor armature ; but as soon as the 
armature ceases to revolve, all current ceases to flow through the 
electro-magnet, thereby releasing the rheostat handle, which flies 
back to the "off point," as shown in the illustration, and the 
motor armature is out of danger. Such a device is of great value 
where inexperienced men have to handle motors, and are unaware 
that the first thing to be done when a motor stops, for any reason 
whatever, is to open the circuit, and then cut in all the resistance 
in the rheostat to prevent too large an in-rush of current when 
the motor is started up again. 
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Fig. 1. 

An approved installation in every detail ; wiring connections for shunt- 
wound 4-pole motor, using double-pole fuse cut-out instead of circuit breaker. 
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The Circuit Breaker for under and over loads is also a most 
valuable protection in such cases. 

Motor Wiring Formulae— (Direct Current). To find the 
size of wire, in circular mils, required to transmit any power 
any distance at any required voltage and with any required loss, 
we have the following formula. Having found the required 
number of circular mils, it is advisable to add 50 per cent more 
for safety. 

e = potential of motor. d= distance from generator to motor. 
V = volts lost in lines. h = efficiency of motor. 

10.8 =^ resistance in ohms of 1 foot of 97 per cent 
pure copper wire one mil in diameter. 
_ h. p. of motor X 746 X 2d X 10.8 

To find size of wire from cm., see table, page 37. 

AVERAGE MOTOR EFFICIENCY. 

1 h. p 75 per cent 

3 h. p 80 per cent 

5 h. p 80 per cent 

10 h. p. and over 90 per cent 

For Most Cases — (Small Installations). The table and exam- 
ples worked out on pages 38, 39 and 40 will give the desired 
results without the above formulae. 

To find current required by a motor when the horse power, 
efficiency and voltage are known, use the following formula : 
Let C = current to be found. H. P. = horse power of motor. 
E = voltage of motor cir- K = efficiency of motor, 
cult. 

H.P.X 746X100 

^~ EXK 

Or, when possible, use table I. 

By adding the volts indicated in table II. to the voltage of 
the lamp or motor, the result shows the voltage at the dynamo for 
losses indicated. Thus 10 per ^ent on 110-volt system is: 12.22 
volts added to 110 equal 122.22, showing that the dynamo must 
generate 122.22 volts for a 10 per cent loss. 
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OUTSIDE WIRING AND CONSTRUCTION. 

Service Wires (those leading from the outside main wire 
to the buildings and attached to same) should be "Rubber-Cov- 
ered.'' 

Line Wires, other than service wires, should have an approved 
"weatherproof covering.'' 

Bare Wires may be used through uninhabited and isolated 
territories free from all other wires, as in such places wire cover- 
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Fig. 2. 

An approved installation in every detail; wiring connections for shunt- 
wound bipolar motor, using circuit breaker instead of double-pole fuse cut-out. 

ing would be of little use, as it is not relied on for pole insulation, 
and is not needed for other purposes, because the permanent 
insulation of the wires from the ground is assured by the glass 
or porcelain petticoat insulators to which the wires are secured. 

Tie Wires should have an insulation equal to that of the 
conductors they confine. 
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Fig. 3. 

An approved installation in cvcrj' detail, with wiring connections for shunt- 
wound multipolar slow speed ceiliny: motor for direct connection to line s'^af* 
Using both circuit breaker and double-pole fuse cut-out. 
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Space Between Wires for outside work, whether for high 
or low tension, should be at least one foot, and care should be 
exercised to prevent any possibility of a cross connection by 
water. Wires should never come in contact with anything except 
their insulators. 

Roof Structures. If it should become necessary to run 
wires over a building, the wires should be supported on racks 
which will raise them seven feet above flat roofs or at least one 
foot above the ridge of pitched roofs. See Fig. 4. 

Quard Arms. Whenever sharp corners are turned, each 
cross arm should be provided with a dead insulated guard arm 
to prevent the wires from dropping down and creating trouble, 
should their insulating support give way. 

Petticoat Insulators should be used exclusively for all out- 
side work, and especially on cross arms, racks, roof structures 
and service blocks. Porcelain knobs, cleats or rubber hooks 
should never be used for this heavy outside work. 

Splicins^ of two pieces of wire or cable should be done in 
such manner as to be mechanically and electrically secure with- 
out solder. The joints should then be soldered to prevent corro- 
sion and consequent bad contact. All joints thus made should be 
covered with an insulation equal to that of the conductors. 

Tree Wiring. Whenever a line passes through the branches 
of trees, it should be properly supported by insulators, as shown 
in Fig. 5, to prevent the chafing of the wire insulation and 
grounding the circuit. 

Service Blocks which are attached to buildings should have 
at least two coats of waterproof paint to prevent the absorption 
of moisture. 

Entrance Wires. Where the service wires enter a build- 
ing they should have drip loops outside, and the holes through 
which the conductors pass should be bushed with non-combustible, 
non-absorptive insulating tubes slanting upward toward the in- 
side. See Fig. 6. 

Telegraph and Telephone wires should never be placed on 
the same cross-arm with light or power wires, especially when 
alternating currents are used, as trouble will arise from indue- 
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tion, unless expensive special construction, such as the transposing 
of the lighting circuits, be resorted to at regular intervals. Even 
under these conditions it is bad practice, as an accidental contact 
with the lighting or power circuit might result in starting a 
fire in the building to which the telephone line is connected. If, 
however, it is necessary to place telegraph or telephone wires 
on the same i)o]es with lighting or power wires, the distance be- 
tween the two inside pins of each cross-arm should not be less 
than twenty-six inches, and the metallic sheaths to cables shouk' 
be thoroughly and permanently connected to earth. 

Transformers should not be placed inside of any buildings 
except central stations, and should not be attached to the outside 
walls of buildings, unless separated therefrom by substantial sup- 
ports. 

In eases where it is impossible to exclude the transformer 
and primary wiring from entering the building, the transformer 

should be located as near as pos- 
sible to the point where the 
primary wires enter th® build- 
ing, and should be placed in a 
vault or room constructed of or 
lined with fire- resisting mate- 
rial, and containing ^otbipg but 
the transformer. In every case 
the transformer must be insu- 
lated from the ground and the room kept well ventilated. It is 
(»f course the saf(»st and best practice to place all transformers on 
poles away i'nmi the building that is to \m lighted, as illustrated 
in Fig. 7. 

The Grounding of LowsPotentlal Circuits is allowed only 
when such circuits are so arranged that under normal conditions 
of service there will be no passage of current over the ground wire. 

In Direct-Current 3-Wire Systems the neutral wires may 
bo grounded, and when grounded the following rules should he 
complied with: 

1. They should be grounded at the central station on a 
metal plate buried in coke beneath permanent moisture level, and 




Fig. 6. 

Porcelain tube, used where wires enter build- 
ings, showing drip loop in wire. 
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also through all available underground water and gas pipe 
systems. 

2. In underground systems the neutral wire should also be 
grounded at each distributing box through the box. 

3. In overhead systems the neutral wire should be grounded 
every 500 feet. 

When grounding the neutral point of transformers or the 
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Fig. 7. 
Construction work; installing transformers. 

neutral wire of distributing systems the following rule should 
be complied with : 

1. Transformers feeding two-wire systems should be 
grounded at the center of the secondary coils, and when feeding 
systems with a neutral wire, should have the neutral wire grounded 
at the transformer, and at least every 500 feet for underground 
systems. 

In making ground connections on low-potential circuits, the 
ground wire in direct-current 3-wire systems jsbould not at central 
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stations be smaller than the neutral Avire, and not smaller than 
No. 6 B. & S. elsewhere. 

In Alternatiflg-Current Systems the ground wire should never 
be less than No. 6 B. & S., and should always have equal carrying 
capacity to the secondary lead of the transformer, or the combined 
leads where transformers are banked. 

These wires should be kept outside of buildings, but may be 
directly attached to the building or pole, and should be carried 
in as nearly a straight line as possible, all kinks, coils and sharp 
bends being avoided. 

The ground connection for central stations, transformer sub- 
stations, and banks of transformers should be made through metal 
plates buried in coke below permanent moisture level, and con- 
nection should also be made to all available underground piping 
systems, including the lead sheath of underground cables. 

For individual transformers and building services the ground 
connection may be made to water or other piping systems running 
into the buildings. This connection may be made by carrying 
the ground w^ire into the cellar and connecting on the street side 
of meters, main cocks, etc., but connection should never be made 
to any lead pipes which form part of gas services. 

In connecting ground wires to piping systems, wherever pos- 
sible, the wires should be soldered into one or more brass plugs 
and the plugs forcibly screwed into a pipe fitting, or, where the 
pipe is cast iron, into a hole tapped into the pipe itself. For 
large stations, where connecting to underground pipes with bell 
and spigot joints, it is well to connect to several lengths, as the 
pipe joints may be of rather high resistance. Where such plugs 
cannot be used, the surface of the pipe may be filed or scraped 
bright, the wire wound around it, and a strong clamp put over the 
wire and firmly bolted together. 

Where ground plates are used, a No. 16 copper plate, about 
3 by 6 feet in size, with about two feet of crushed coke or char- 
coal, about pea size, both undc^r and over it, would make a grounc 
of sufficient capacity for a moderate-sized station, and would proV 
ably answer for the ordinary sub-station or bank of transformer^ 
For a large central station considerable more area might be neci?> 
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Fig. 8. 

Connections of Ground Detectors. 
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sary, depending upon the underground connections available. 
The ground wire should be riveted to such a plate in a number of 
places, and soldered for its whole length. Perhaps even better 
than a copper plate is a cast iron plate, brass plugs being screwed 
into the plate to which the wire is soldered. In all cases, the 
joint between the plate and the ground wire should be thoroughly 
protected against corrosion, by suitable painting with waterproof 
paint or some equivalent. 

Qround Detectors. Fig. 8 illustrates a few practical meth- 
ods of detecting grounds on alternating and direct-current circuits 
which have not been purposely grounded. 

In using any one of these methods for detecting grounds, 
always see that the circuit to ground is left open after testing the 
outside circuits. 

Some central station men are in the habit of leaving the 
ground circuit closed on one side constantly in order that any 
ground that might occur on the other side may be instantly 
noticed. This, however, is bad practice, as it greatly reduces the 
insulation of the whole system. Test all circuits at least once a 
day. 

It is sometimes necessary to know just what the insulation 
resistance of a line, or of the wiring in a building, is in ohms. 
This can be found very readily, and closely enough for all prac- 
tical purposes, by using a Weston volt meter in the following 
manner : 

Connect with a wire from one side of the circuit to one 
binding post of the volt meter, and with another piece of wire con- 
nect a water pipe to the other binding post of the volt meter. If 
the needle or pointer shows any deflection we know there is a 
ground, or leakage, on the opposite side of the circuit to which 
the volt meter is connected. 

The resistance of this ground leak may be found by the 
following formula: 

R = r (2. — 1) ohms when R = resistance of ground leak 
required, r = resistance of volt meter, V = voltage between the 
positive and negative sides of the line, v = reading in volts, on 
the instrument, produced by the leakage. 
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Primary Wirinj^. Primary wires should be kept at least 
ten inches apart, and at that distance from conducting material. 
Primary wires carrying over 3,500 volts should not be brought 
into or over any building other than the central power station or 
sub-station. 

Wires lor Outside Use li^ve in most cases a "weatherproof" 
insulation, except service wires, which should be "rubber-covered." 
Any insulating covering for wires exposed to the weather on poles 
is in a short time rend(»red useless. The real insulation of the 
system will be found to be dependent upon the porcelain or glass 
insulators. 

POLES FOR LIQHT AND POWER WIRES. 

It is essential to a proj^er installaticn that the poles receive 
due consideration, a fact that is too often overlooked. 

In selecting the style of pole necessary for a certain class of 
work the conditions and circumstances should be considered. 
Poles may be arranged in three classes, the size of wire which 
they are to carry respectively being one of the important regulat- 
ing circumstances. 

First Class: Alternating-current plants for lighting small 
towns. Main line of poles should consist of poles from 30 to 35 
feet long, with G-inch tops. These arc strong enough for all the 
weight that is placed upon them. ]N^o pole less than 30 feet 
with 6-inch top should be placed on a corner for lamps. The 
height of trees, of course, must be considered in many cases. For 
the Edison municipal system, where more than one set of wires 
are used for street lighting, a G-inch top should be the size of the 
polos, the length being not less than 30 feet, and greater than this 
if the streets be hilly and filled with trees. 

Second Class: Town lighting by arc lights. All poles 
should be at least G-inch tops. The corner poles should be GJ- 
inch tops; and wherever the cross-arms are placed on a pole at 
different angles, the pole should be at least a 6^-inch top. A 30- 
foot pole is sufficiently long for the main line, but it would be 
advisable to place 35-foot poles on comers. 
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Third Class: Where heavy wire, such as No. 00, is used 
for feeder wire, the poles should be at least 7-inch tops. Where 
mains are run on the same pole line the strain is somewhat 
lessened, and poles of smaller size will answer all purposes. 

Cull Poles. The question as to what is a cull pole is some- 
thing on which many authorities differ. Of course, if specifi- 
cations call for a certain sized pole, parties supplying the poles 
should be compelled to send the sizes called for. All poles that 
are smaller at the top than the sizes agreed upon, are troubled 
with dry rot, large knots and bumps, have more than one bend, or 
have a sweep of over twelve inches, should certainly be classed 
as cull poles. Specifications for electric light and power work 
should be, and in many cases are, much more severe than those 
required by telegrai)h lines. A cull pole, one of good material, 
is the best thing for a guy stub, and is frequently used for this 
purpose. A cedar pole is always preferable to any other, owing 
to the fact that it is very light compared with other timber, and 
is strong, durable aiul very long lived. 

Pole Settins^. It seems to be the universal opinion of the 
best construction men that a pole should be set at least five feet 
in the ground, and six inches additional for every five feet above 
thirty-five feet. Also additional depths on corners. Wherever 
there is much moisture in the ground, it is well to paint the butt 
end of tlie pole, or smear it with pitch or tar, allowing this 
to extend about two feet above the level of the ground. This pro- 
tects the pole from rot at the base. The weakest part of the pole 
is just where it enters the ground. Never set poles farther than 
125 feet apart; 110 feet is good practice. 

Pole Holes should be dug large enough so that the butt of 
the pole can be dropped straight in without any forcing, and 
when the pole is in position only one shovel should be used to fiU 
in, the earth beinir thoroughly tamped down with iron tampers 
at every step until the hole is completely filled with solidly 
packed^ earth. Where the ground is too soft for proper tamping, 
a grouting composed of one part of Portland cement to two parts 
of sand, mixed with broken stone, may be used to make an arti- 
ficial foundation. 
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FIG. 2 

Fig. 9. 

CONSTRUCTION WORK; POSITION OF CROSS-ARHS WHEN 
TURNING CORNERS. 

When running a heavy line wire it is necessary to use two cross-arms 
fastened as shown above in Fig. 2. If lines are not heavy, only one cross-arm 
will be necessary. In case lines cross the street diagonally, the arms where 
the wires leave and those to which they run are both set at an angle. When 
turning an abrupt corner only one arm is turned. The above cannot be used 
where feeders tap into double branches. In such a case the method given 
in Fig. 1 is used. 
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TABLE III. 

Cedar Poles for Electric Usht Work. 
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Painting. When poles are to be painted, a dark olive green 
color should be chosen, in order that they may be as inconspicuous 
as possible. One coat of paint should be applied before the pole 
is set, and one after the pole is set. Tops should be pointed to 
shed water. 

All poles 35 feet long and over must be loaded on two cars. 

For chestnut poles add 50 per cent to weights as given in 
table. 

Cross-Arms. The distance from the top of the pole to the 
cross-arm should be equal to the diameter of pole at the top. 
All cross-arms should be well painted with one coat of paint 
before placing, and must be of standard size as shown in the 
diagrams. Cross-arras of four or more pins should be braced, 
using one or two braces as occasion demands. Cross-arms on one 
pole should face those on the next, thereby making the cross-arms 
on every other pole face in one direction. All pins should have 
their shanks dipped in paint and should be driven into the cross- 
arm while the paint is wet. The upper part of the pin should 
also be painted. Iron pins may be furnished for corners where 
there is a heavy strain, but are not advised, it being preferable to 
use the construction as shown in the diagrams. Put double arms 
on the pole where feeder wires end. 

Quard Irons. Guard irons should be i)laced at all angles in 
lines, and on break-arms. 

Steps. All junction and lamp poles should be stepped so 
that the distance between steps on the same side of the pole will 
not be over 36 inches. Poles carrying converters should also be 
stepped. 
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Quys. All poles at angles in the line must be properly 
guyed, using No. 4 B. & S. galvanized iron wire, or two No. 8 
wires twisted. All junction poles should also be guyed. Never 
attach a guy wire to a pole so that it prevents a cross-arm from 
being removed. 

For alternating work, double petticoat insulators are recom- 
mended. Pole brackets, except in connection with the tree insu- 
lators, should not be used. 

Tape should be secured at either end of a joint by a few 
turns of twine. When looping for lamps, etc., leave coiled 
sufficient wire, without waste, to reach lamp or building without 
joints. In cutting arc or incandescent lamps into an existing 
circuit, use a piece of "rubber-covered" wire. Feeder wires should 
be strung on the cross-arms above the mains. 

For good distribution, arc lamps should not be placed more 
than 800 feet apart. The lamps may be brought nearer together 
if a greater degree of illumination is desired. 

Primary Wires on Poles. When running more than one 
circuit of primarie? upon the same line of poles the wires of each 
circuit should be run parallel and on adjacent pins, as shown 
below, so as to avoid any fluctuation in the lamps due to induc- 
tion. The lines lettered A and A are for circuit No. 1, and 
B and B for circuit No. 2, etc. 

A 

A 

B 

B 

When connecting transformers to 1,000-volt mains a double- 
pole cut-out is placed in the primary circuit. For 2,000-volt cir- 
cuits a single-pole cut-out should be placed in each side of the 
lino, thus avoiding any possible short circuit due to an arc being 
(established across the contacts of the double-pole cut-out. This, 
owing to the greater diflFerence of potential between opposite poles, 
is liable to occur when the fuses ^T)low." 

INSIDE WIRING. 
Approved ••Rubber-Covered*' Wire should be used exclu- 
sively in all interior wiring. Although the Fire Underwriters 
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allow "Slow Burning" weatherproof wire to be used in dry places 
when wiring is entirely exposed to view and rigidly supported on 
porcelain or glass insulators, "llubber-Covered" wire is always 
preferable. 

The copper conductors, before being rubber covered, should 
be thoroughly tinned, and the thickness of the rubber covering 
should conform to the following table : 

TABLE V. 

Requisite Thickness of;Rubber Covering for Wires. 

For voltages up to 600: 
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For voltages between 600 and 3,500: 

From No. 14 to No. 1 inclusive, ^s in. 

to " 500000 c. m. " A in. ) covered by 
Larger than 500000 " " A in. ) braid or tape. 

••Slow Burning: Wcathcrproor* Wire should have an insu- 
lation consisting of two coatings, the inner one to be fireproof 
in character and the other to be weatherproof. The inner fire- 
proof coating should comprise at least six-tenths of the total thick- 
ness of the wall. 

The complete covering should be of a thickness not less than 
that given in the following table : 

TABLE VI. 

Requisite Tiilckness of Slew Burnlni: Weatherproof insulation. 

From No. 14 to No. 8 inclusive, ft in. 

7 to " 2 " jV in. 

2 to " 0000 " /, in. 

0000 to " ' 500000 c. m. " ft in. 

500000 c. m. to " 1000000 " " ^f in. 

Larger than " 1000000 " " J in. 

••Weatherproof" Wire, for out-door use, should consist of at 
least three braids thoroughly impregnated with a dense moisture- 
repellant which should stand a temperature of 180° Fahrenheit 
without dripping. The thickness should correspond to that of 
"Slow Burning Weatherproof" and the outer surface should be 
thoroughly slicked down. 

Carrying Capacity of Wires. Table VII gives the safe 
carrying capacity of wires from Nq. J8 B. & S. to qabl^s pf 2^- 
000^000 circular inil§, 
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"No wires smaller than No. 14 should be used except for 
fixture wiring and pendants, in which cases as small as No. 18 
may be used. 

TABLE VII. 

Safe Carrying Capacity off Wires. 

Gau^e No. B. &. S. Diameter Mils. Area Circular Mils. No. Amperes Open 
Work. No. Amperes Concealed Work. Ohms Per 1000 Ft. Lbs. per' 1000 
Ft. Bare. Lbs. Per 1000 Ft. Insulated. No. and Size of Wires for Cables. 
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Tie Wires should have an insulation equal to that of the 
fonductors they confine. 

Splicing should be done in such manner as to make the wires 
iiicchanically and electrically secure without solder; then they 
should be soldered to insure preservation from corrosion an4 
from consequent heating due to poor contact. 
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Stranded Wires should have their tips soldered before being 
fastened under clamps or binding screws. When the stranded 
wires have a conductivity greater than No. 10 B. & S. copper 
wire, they should be soldered into lugs. All joints should be 
soldered in preference to using any kind of splicing device. 

Wirifif^ Table. The following examples show the method of 
using the table on page 40 : 

1. What size of wire should we use to run 50 16-candle- 
power lamps of 110 volts, a distance of 150 feet to the center of 
distribution with the loss of 2 volts? 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, which will equal 3,825 ampere feet. Then refer 
to the columns headed "Actual Volts Lost"; and as we are to 
have a loss of two volts only, look down the column headed 2 until 
you come to the nearest corresponding number to 3,825, and we 
find that 3,900 is the best number to use. Put your pencil on 
the number 3,900 and follow that horizontal column to the left 
until you come to the vertical column headed "Size B. & S.," and 
you find that a No. 4 B. & S. wire will be the proper size to use 
in this case. 

2. What size of wire should we use to carry current for a 
motor that requires 30 amperes and 220 volts, and is situated 200 
feet from the distributing pole, the "drop" in volts not to exceed 
2 per cent? 

First multiply 30 amperes by 200 feet, as we did in the first 
example, and we get 6,000 ampere feet. Now look at the upper 
left-hand corner of the table end you will see a vertical column 
headed "Volts." Go down this column until you come to 220, 
and follow the horizontal column to the right until you come to the 
figure 1.8, which is the nearest we can come to a 2 per cent loss 
without a greater loss or "drop." Place your pencil on the figure 
1.8 and follow down the vertical column of figures until you come 
to the nearest corresponding figure to 6,000, which we find to be 
6,200. Then with your pencil on this figure follow the horizontal 
column to the left, and we find that a No. -5 B. & S. wire is a 
proper size to use for the above conditions. 
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3. Supposing we have occasion to inspect a piece of wiring, 
and find a dynamo operating 50 16-c. p. 110-volt lamps at a dis- 
tance of 150 feet, and our wire gauge shows that wire in use is a 
No. 12 B. & S., at what loss, or "drop," are these lamps being 
operated ? 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, and we get 3,825 ampere feet. As we find in 
use a No. 12 B. & S. wire, we look for the vertical column headed 
"Size B. & S." and follow it down until we come to 12. With 
our pencil on the figure 12 we travel along the horizontal line to 
the right until we come to the nearest corresponding number to 
3,825, which we find to be 4,575. Then starting at this number 
we travel up the vertical column and we find a loss of about 15 
actual volts, or, practically, a 12 per cent loss, which would greatly 
reduce the candle-power or brilliancy of the lamps. 

Installation of Wires. All wiring should be kept free from 
contact with gas, water or other metallic piping, or with any other 
conductors or conducting material which it may cross, by some 
continuous and firmly fixed non-conductor, creating a separation 
of at least one inch. In wet places it should be arranged so that 
an air space will be left between conductors and pipes in crossing, 
and the former must be run in such a way that they cannot come 
in contact with the pipe accidentally. 

Wires should be run over rather than under pipes upon 
which moisture is likely to gather, or which by leaking might 
cause trouble on a circuit. No smaller size than No. 14 B. & S. 
gauge should ever be used for any lighting or po\^er work, not that 
it may not be electrically large enough, but on account of its 
mechanical weakness and liability to be stretched or broken in 
the ordinary course of usage. Smaller wire may be used for 
fixture work, if provided with approved rubber insulation. 

Wires should never be laid in or come in contact with plaster, 
cement, or any finish, and should never be fastened by staples, 
even temporarily, but always supported on porcelain cleats which 
will separate the wires at least one-half inch from the surface 
wired over and keep the wires not less than two and one-half 
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iuches apart. Three-wire cleats may be used when the neutral 
wire is run in the center and at least two and one-half inches 
separate the two outside or + and — wires. This style of wiring 
is intended for low-voltage systems (300 volts or less) ; and when 
it is all open work, rubber-covered wire is not necessary, as 
"weatherproof" wire may be used. Weatherproof wire should 
not be used in moulding. Wires should not be fished between 
floors, walls or partitions, or in concealed places, for any great 
distance, and only in places v/here the inspector can satisfy himself 
that the rules have been complied with, as this style of work is 
always more or less uncertain. 

Twin wires should never be used, except in conduits or when 
flexible conductors are necessary; they are always unsafe for 
light or power circuits on account of the short distance between 
them. 

All wiring should be protected on side walls from mechanical 
injury. This may be done by putting a substantial boxing about 
the wires, allowing an air space of one inch around the con- 
ductors, closed at the top (the wire passing through bushed holes) 
and extending about five feet above the floor. Sections of iron- 
armored conduit may be used, and in most cases are preferable, 
as they take up but little room and are very rigid. 

If, ho\vever, iron pipes are used with alternating currents, 
the two or more wires of a circuit should always be placed in the 
same conduit. If plain iron pipe be used the insulation of that 
portion of each wire within the pipe should be reinforced by a 
tough conduit tubing projecting beyond the iron tubing at both 
ends about two inches. 

When crossing floor timbers in cellars or in rooms where they 
might bo exposed to injury, wires should be attached, by their 
insulating supports, to the under side of wooden strips not less 
than one-half inch in thickness and not less than three inches 
wide. 
GENERAL rORnUL^E FOR LIGHT AND POWER WIRING. 

c. w.=circular mils. 

d = length of wire, in feet, on one side of circuit, 
n = number of lamps in multiple. 
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served in driving nails into moulding, to avoid puncturing the 
insulation and possibly grounding the circuit in a way that not 
only might be difficult to locate, but might cause a concealed fire 
back of the plastering or wood work to which the moulding is 
attached. 

Moulding should be of hard wood and made of two pieces, 
a backing and cajjping, so constructed as to thoroughly encase the 
wire. It should provide a one-half inch tongue between the con- 
ductors and a solid backing, which under the grooves should be 
not less than three-eighths of an inch in thickness and able to give 
suitable protection from abrasion. 

Concealed Wiring or that which is to be run between 
walls and floors and their joists, should always be done with ap- 
proved rubber-covered wire, and should be rigidly supported on 
porcelain or glass insulators which will separate the wires at least 





Fig. 10. 

Samples of approved moulding when filled and covered with at least 
two coats of waterproof paint. 

one inch from the surface wired over. The wires should be kept 
at least ten inches apart, and where it is possible should be run 
singly on separate timbers or joists. The insulators should be 
placed not farther than four feet apart in any case, and where 
there is any liability of the wires coming in contact with anything 
else, due to a possible sagging, the supports should be placed much 
closer together. In some cases where it is impossible to rigidly 
support the wiring on porcelain or glass insulators in concealed 
places, the wires, if not exposed to moisture, may be fished on the 
loop system if encased throughout in approved continuous flexible 
tubing or conduit. Fishing under floors or between walls is done 
by boring holes at suitable distances apart and pushing a flat 
spring wire from one hole toward the other and catching it with a 
wire hook. The flexible conduit and wires may then be pulled 
into place. 
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This class of wiring should never be concealed or encased 
except when requested by the Electrical Inspector, and should 
always be rigidly supported on porcelain or glass insulators which 
will separate the wiring at least one inch from the surface wired 
over, and which must be kept at least four inches from each other 
on all voltages up to 750, and eight inches apart when the voltages 
exceed 750. Xo wires carrying a voltage of over 3,500 should 
be carried into or over any buildings except ceiitral stations and 
sub-stations. All arc light wiring should be protected on side 
walls and when crossing floor timbers where wires are liable to 
injury. In mill-construction buildings, arc wires of No. 8 and 
larger, where not liable to be disturbed, may be separated six 
inches for voltages up to 750, and ten inches for voltages above 
750; may run from timber to timber, not breaking round; and 
may be supported at each timber only. In running along beams 
or walls and ceilings they should be supported at intervals not 
exceeding four and one-half feet. 

SPECIAL WIRING. 

Special wiring for damp places such as breweries, packing 
houses, stables, dye houses, paper or pulp mills, or buildings espe- 
cially liable to moisture or acid or other fumes likely to injure 
the wires or their insulation, should be done with approved rubber- 
covered wire, and rigidly supported on porcelain or glass insula- 
tors which separate the wires at least one inch from the surface 
wired over, and which must be kept apart at least two and one-half 
inches. The wire in such damp places should contain no splices, 
as it is almost impossible to tape a splice that will prevent acid 
fumes from getting at the copper surface. 

Moulding Work should always be done with approved rubber 
covered wire to prevent leakage should the moulding become 
damp. 

This class of work should never be done in concealed or damp 
places, for fear that water may soak into the wood and cause 
leakage of current between the wires, burning the wood and start- 
ing a fire. The action of the current in a case like this is to con- 
vert the wood very gradually into charcbal, then dry the water out 
and Ignite the charcoal thus formed. Great care should be ob- 
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Although this fished work may be passed when the sur- 
rounding conditions are, at the time of inspection, perfectly satis- 
factory, it should be avoided, as trouble will arise in this class of 
work sooner than in any other, when all conditions are equal. 

Insulated Metal Conduits — (Specifications). The metal 
covering or pipe should be of sufficient thickness to resist pene- 
tration by nails, etc., or the same thickness as ordinary gas pipe 
of the same size. 

It should not be seriously affected externally by burning out 
a wire inside the tube when the iron pipe is connected to one side 
of the circuit. 

The insulating lining should be firmly attached to the pipe, 
and should not crack or break when a length of conduit is uni- 
formly bent at a temperature of 212 degrees Fahrenheit, to an 
angle of 90 degrees, with a curve having a radius of 15 inches, for 
pipes of 1 inch or less, or a radius of fifteen times the diameter of 
the pipe for larger sizes. 

The insulating lining should not soften injuriously at a tem- 
perature below 212 degrees Fahrenheit, and should leave water in 
which it has been boiled, practically neutral. 

The insulating lining should be at least one-thirty-second of 
an inch in thickness; and the materials of which it is composed 
should be of such a nature as. will not have a deteriorating effect 
on the insulation of the conductor, and be sufficiently tough and 
tenacious to withstand the abrasion test of drawing in and out of 
some long lengths of conductors. 

The insulating lining should not be mechanically weak after 
three days' submersion in water, and, when removed from the 
pipe entire, should absorb more than ten per cent of its weight of 
water during 100 hours of submersion. 

All elbows should be made for the purpose, and not bent from 
lengths of pipe. The radius of the curve of the inner edge of 
any elbow should not be less than three and one-half inches. 

There should not be more than the equivalent of four quarter 
bends from outlet to outlet, the bends at outlets not being counted 

Each length of conduit, whether insulated or uninsulated, 
should have the maker's name or initials stamped in the metal or 
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attached to it in some satisfactory manner, so that it may be read- 
ily seen, thus rendering it possible to place the responsibility for 
pieces not up to standard. 

Uninsulated iletal Conduits or plain iron or steel pipes may 
be used instead of the insulated metal conduits, if made equally 
as strong and thick as the ordinary form of gas pipe of the same 
size, provided their interior surfaces are smooth and free from 
burrs. To prevent oxidation, the pipe should be galvanized, 
or the inner surfaces coated or enameled with some substance 
which will not soften so as to become sticky and prevent the wire 
from being withdrawn from the pipe. Elbows must be made for 
the purpose, and not bent from lengths of pipe. The radius of 
curves and number of bends from outlet to outlet should be the 
same as given under Insulated Metal Conduits. This bare iron 
or steel pipe should never contain any but a special extra insu- 
lated wire as hereinafter described : 

Conduit Wire for Insulated fletal Conduits, whether single 
or twin conductors, should be standard rubber-covered wire as 
described on page 35 ; and where concentric wire is used in insu- 
lated metal conduits, it should have a braided covering between 
the outer conductor and the insulation of the inner conductor, and 
in addition should comply with and be able to withstand the test 
of standard rubber-covered wire. 

Conduit Wire for Uninsulated Metal Conduits should not 
only have a standard rubber insulation as required for Insulated 
Metal Conduits, but in addition should have a second outer fibrous 
covering at least one-thirty-second inch in thickness, and suffi- 
ciently tenacious to withstand the abrasion of being hauled 
through the metal conduit. When concentric conductors are to 
be used in uninsulated metal conduits, they not only should 
comply with the recjuirements when used in in^^ulated metal con- 
duits, but, in addition, should have a second outer fibrous covering 
at least one-thirty-second of an Inch in thickness and sufficiently 
tenacious to withstand the abrasion of being hauled through the 
metal conduit. 

Interior Conduit Installation. All conduits should be con- 
tinuous from one junction box to another or to fixtures, and the 
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conduit tube should properly enter all fittings, otherwise the con- 
ductors are not perfectly protected, and water is much more 
liable to gain an entrance into the conduit. No conduit with an 
inside diameter of less than five-eighths inch should be used. 

The entire conduit system for a building should be com- 
pletely installed before a single wire is drawn in ; and all ends of 
conduits should extend at least one-half inch beyond the finished 
surface of walls or ceilings, except that, if the end is threaded and 
a coupling screwed on, the conduit may be left flush with the 
surface, and the coupling may be removed when work on the 
building is completed. 

After all conductors have been drawn or pushed in, all outlets 
should be plugged up with special wood or fibrous plugs made in 
parts to fit around the wire, and the outlet then sealed with a good 
compound to keep out all moisture. All joints should be made 
air-tight and moisture-proof. 

The metal of every conduit system should be effectually and 
permanently grounded. The conduit is likely to be more or less 
grounded, and a positive ground is necessary for the same reason 
that a positive ground is required for generator frames when it is 
impossible to insulate them perfectly. 

Conduit Wirins:. The reason why standard rubber covered 
wire, and not weatherproof, should be used in conduits, is that the 
best possible insulation is desirable for this class of work, as the 
insulating lining of the conduit may be defective in places, and 
there is a possibility of dampness getting into the conduit. 

Xo wires should be drawn in until all mechanical work on 
the building is done. 

Wires of different circuits should not be drawn in the same 
conduit. 

For alternating systems, the two or more wires of a circuit 
should be drawn in the same conduit, in order to avoid trouble 
from inductive losses, which, under certain conditions, would 
cause a heating of the iron conduit to a dangerous degree. This 
trouble from induction becomes very much less if. the wires are 
in the same conduit ; less still, if the wires are twisted together ; 
and disappears almost entirely if concentric wire is used. 
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Even in direct-current work it is advisable to place the two 
wires of a circuit in the same conduit, as in so doing the direct 
current may be changed for the alternating current without the 
necessity of rewiring, which would be necessary if only a single 
wire were placed in a conduit. 

Fixtures, when supported from the gas piping of a build- 
ing, should be insulated from the gas-pipe system by means of 
approved insulating joints placed as close as possible to the ceiling, 
and the wires near the gas pipe above the insulating joint should 
be protected from possible contact by the use of porcelain tubes. 

All burrs or fins should be removed from the fixtures before 
the wires are drawn in. The tendency to condensation within 
the pipes should be guarded against by sealing the upper end of 
the fixture. 

In combination fixtures, where the wiring is concealed 
between the inside pipe and outer casing, the space between pipe 
and casing should be at least a quarter of an inch to allow plenty 
of room for the insulation of the wires without jamming. 

Fixtures should be tested for "contacts" between conductors 
and fixtures, for "short circuits" and for ground connections, be- 
fore being connected to the supply conductors. 

Ceiling blocks of fixtures should be made of insulating 
material ; if not, the wires in passing through the plate should be 
surrounded by porcelain tubes. 

Rosettes. These fittings should not be located where infla- 
mable flyings or dust will accumulate on them. Bases should be 
high enough to keep the wires and terminals at least one-half inch 
from the surface to which the rosette is attached. 

Terminals with a turned up lug to hold the wire or cord 
should be used, and in no case must the wire be cut or injured- 
Fused rosettes are not advised for use where cords can be properly 
protected by line cut-outs. If fused rosettes are used, the next 
fuses back should not be over 25 amperes capacity. 

Fixture Wiring should be done with fixture wire, which has 
a solid insulation with a slow-burning, tough, outer covering, the 
whole at least one-thirty-second of an inch in thickness, and 
having an iasulation resistance between conductors, and between 
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either conductor and the ground, of at least one megohm per mile, 
after one week's submersion in water at 70 degrees Fahrenheit, 
and after three minutes' electrification with 550 volts. 

Although No. 18 (B. & S. gauge) is allowable in fixture 
work, it is never advisable to use smaller than No. 16, for 
mechanical reasons. Supply conductors, and especially the splices 
to fixture wires, should be kept clear of the grounded part of gas 
pipes, and where shells are used the latter should have area 
enough to prevent pressing the wires against the gas pipe when 
finally in place. Where fixtures are wired on the outside, it is 
advisable to use cord for attaching the wires to the fixture, and 
not short bits of wire, as the latter might produce a short circuit 
or ground. 

Flexible Cord should be made of stranded copper conductors; 
no single strand should be larger than No. 26 or smaller than No. 
30 (E. & S. gauge), and each conductor should be covered by an 
approved insulation and be protected from mechanical injury by 
a tough, braided, outer covering. When used for pendant lamps it 
should hang freely in air and be so placed that there is no chance 
of its coming in contact with anything excepting the lamp socket 
to which it is attached and the rosette from which it hangs. Each 
stranded conductor should have a carrying capacity equivalent to 
not less than a No. 18 (B. & S. gauge) wire. The covering of the 
stranded wires for flexible cord should first have a tight, close 
wind of fine cotton, which is intended to prevent any broken 
strand from piercing the insulation and causing a short circuit or 
ground. Secondly, it should have a solid waterproof insulation 
at least one-thirty-second of an inch thick, and should show an 
insulation resistance of 50 megohms per mile throughout two 
weeks' submersion in water at 70 degrees Fahrenheit. The outer 
protecting braiding should be so put on and sealed in place that 
when cut it will not fray out. 

Flexible cord should not be used as a support for clusters, 
as it is not strong enough, and it should never be used for any- 
thing other than pendants, wiring of fixtures and portable lamps, 
portable motors, or small, light electrical apparatus. 

Flexible cord should never be used in show windows, as a 
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defective piece might cause a short circuit and set fire to flimsy 
material or decorations. Many fires have been caused by the use 
of flexible cord in show wir dows, where handkerchiefs, decora- 
tions, etc., have been pinned to the cord. When the current is 
"turned on" short circuits are caused by the j^ins, and a fire is 
the result. 

Insulating bushings should be used where cords enter lamp 
sockets and desk stand lamps. 

Flexible cord should be so suspended that the entire weight 
of the socket, lamp and shade will be borne by knots under the 
bushing in the socket, and above the point where 
the cord comes through the ceiling block or 
rosette, in order that the strain may be taken 
from the joints and binding screws. It is good 
practice always to solder the ends of flexible 
cords which are going under binding screws, as 
it holds the strands together and prevents the 
pressure of the screws from forcing the strands . . 

from under them and against the shell of the ^O^^^-^^^^^^^ 
socket, causing a grounded shell or short circuit. p. ^ - . 

Where it becomes necessary to solder a Waterproof keyic-s 

, socket, to bj used in 

great number of ends, as mav be required when dye houses or damp 

^ ^ ^ 7 . 1 places. 

wiring a factory, use a small pot of melted 

solder and dip the ends of the wire, which have all been previously 

cut to the proper length. 

Standard Lamp Sockets should be plainly marked 50 candle- 
power, 250 volts, and with either the manufacturer's name or 
registered trade mark. The inside of the shell of the socket 
should have an insulating lining which should absolutely prevent 
the shell from becoming part of the circuit, even though a wire or 
strand inside the socket should become loose or come out from 
under a binding screw. This insulating lining should be at least 
one-thirty-second of an inch thick and of a tough and tenacious 
material. 

Special Lamp Sockets. In rooms where inflammable gases 
may exist, both the socket and lamp should be enclosed in a vapor- 
tight globe, supported on a pipe-hanger, and wired with "Rubber- 
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Tovered'' wire soldered directly to the circuit, No fuses or 
f-witches of any sort should be used in such cases, as the slightest 
«rc might produce dangerous explosions or fires. See Fig. 11. 

In damp or wet places, such as dye houses, breweries, etc, a 
waterproof socket such as shown on page 51 should be used.r 
Waterproof sockets should be hung by separate stranded rubber- 
covered wires, not smaller than Xo. 14 (B. & S.). These wires 
should be soldered direct to the circuit wires, but supported inde- 
pendently of them. All sockets for the above conditions should, 
be keyless. 

Stranded Wires in every case should be soldered together 
before being clamped under binding screws, and when they have 
a conductivity greater than Xo. 10 (B. & S.) copper wire they 
should be soldered into lugs. Stranded wires if not thus stiffened 
before being clamped under binding posts, are liable to be pressed 
out or easily worked loose, making a poor contact, which causes 
heating, a possibility of arcing or a complete bum out, or fusing 
of the wire at this point. 

Bushings. All wires should be protected when passing 
through walls, partitions or floors, by non-combustible, non- 
absorptive insulating tubes, such as glass or porcelain. Each 
bushing should be long enough to go clear through and allow a 
projection of at least a quarter of an inch on both ends. Bush- 
ings should be long enough to bush the entire length of the hole 
in one continuous piece; or else the hole should first be bushed 
by a continuous waterproof tube, which may be a conductor, such 
as iron pipe, and the tube then should have a non-conducting bush- 
ing pushed in at each end so as to keep the wire absolutely out of 
contact with the conducting pipe. 

Automatic Cut-outs such as circuit breakers and fuses should 
be placed on all service wires as near as possible to the point 
where they enter the building, on the inside of the walls, and 
arranged to cut off the entire current from the building. 

The cut-out or circuit breaker should always be the first 
thing that the service wires are connected to after entering the 
building; the switch next, and then the other fixtures or devices 
in their order. This arrangement is made so that the cut-out or 
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circuit breaker will protect all wiring in the building, and the 
opening of the switch will disconnect all the wiring. 

These automatic cut-outs should not, however, be placed in 
the immediate vicinity of easily ignitible stuff, nor where exposed 
to inflammable gases or dust, or to flyings of combustible material, 
as the arcing produced whenever they break the circuit mightl 
cause a fire or explosion. When they are exposed to dampness 
they should be inclosed in a waterproof box or mounted on 
porcelain knobs. All cut-outs and circuit breakers should be sup- 
ported on bases of non-combustible, non-absorptive insulating 
material. Cut-outs should be provided with covers when not 
arranged in approved cabinets, so as to obviate any danger of the 
melted fuse metal coming in contact with any ignitible substance. 

Cut-outs should operate successfully under the most severe 
conditions tboy are liable to meet with in practice, on short cir- 
cuits, with fuses rated at 50 per cent above, and with a voltage 
25 per cent a])ove, the current and voltage for which they are de- 
signed. Circuit breakers should also be designed to operate suc- 
cessfully under the severe conditions liable to be met with in prac- 
tice, or at 5C per cent above the current and with a voltage of 25 
per cent above that for which they are designed. All cut-outs and 
circuit breakers should be plainly marked, and where it will 
always be Mr- 'We, with the name of the maker as well as the cur- 
rent and vo.tag3 for which the device is designed. 

Cut-outs, or circuit breakers should be placed at every point 
where a chaiiiic is made in the size of wire, unless such a device 
in the larger wire will protect the smaller. They should never 
be placed in <^anopies or shells of fixtures, but should be so placed 
that no set of incandescent lamps, whether grouped on one fixture 
or several fixtures or pendants, requiring a current of more than 
six amperes, should be dependent upon one cut-out. Special per- 
mission may 1)*^^ given in writing by the Inspection Department 
having jurisdiction, in case extra large or special chandeliers are 
to be used. Fused rosettes, when used with flexible cord pendants, 
are considered as equal to a cut-out. Fuses for cut-outs should 
not have a capacity to exceed the carrying capacity of the wire ; 
and where circuit breakers are used they should not be set more 
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ihan 30 per cent above the allowable carrying capacity of the 
wire, unless a fusible cut-out is also installed in the circuit. 

Circuit breakers open at exactly the current they are set for, 
and instantly; therefore it is necessary to get them considerably 
above tlie ordinary amount of current required, to keep them from 
constantly opening on slight fluctuations. When this is the case 
a double-pole fusible cut-out should be added to protect the wire 
from a heavy, steady current, which may be maintained just 
below the opening point of the circuit breaker. The fuse requires 
a little time to heat, and therefore would not blow out with a 
momentary rise of current which might open the circuit breaker 
if set as low as necessary to protect the wire, which may be of a 
size only large enough for the figured amount of current under 
ordinary conditions of operation. If, however, in the case of 
motor wiring, the size of wire is 50 per cent above the figured 
size for the motor's average current, as it should be, then the 
introduction of a fusible cut-out in addition to the circuit breaker 
is unnecessary. 

Insulating: Joints should be made entirely of material that 
will resist the action of illuminating gases, and that will not give 
way or soften under the heat of an ordinary gas flame, or leak 
under a moderate pressure. 





Fig. 12. 
The Macallen Insulating Joint. 

They should be so arranged that a deposit of moisture will 
not destroy the insulating effect, and should have an insulation 
resistance of at least 250,000 ohms between the gas pipe attach- 
ments, and be sufiiciently strong to resist the strain they will be 
liable to be subjected to in being installed. 



Insulating joints should not contain any soft rubber in their 
composition. The insulating material should be of some hard 
and durable material, such as mica. See Fig. 12. 

Insulation Resistance. The wiring in any building should 
lest free from grounds, i. e., the complete installation should have 
an insulation between conductors and between all conductors and 
the ground (not including attachments, sockets, receptacles, etc.), 

of not less than the following: 

Up to— 

5 amperes 4,000,000 

10 amperes 2,000,000 

25 amperes 800,000 

50 amperes 400,000 

100 amperes 200,000 

200 amperes 100,000 

400 amperes 50,000 

800 amperes 25,000 

1,000 amperes 12,500 

All cut-outs and safety devices in place in the above. 

Where lamp sockets, receptacles and electroliers, etc., are 
connected, one-half of the above will be required. 

Knife Switclies. Switches should be placed on all service 
wires, either overhead or underground, in a readily accessible 
place, as near as possible to the point where the wires enter the 
building, and arranged to cut off the entire current. 

Knife switches should always be installed so that the handle 
will be up when the circuit is closed, so that gravity will tend to 
open rather than close the switch. They should never be single- 
pole except when the circuit which they control is carrying not 
more than six 16-candle-power lamps or their equivalent. 

Double-pole switches are always preferable to single-pole, 
as they absolutely disconnect the part of the circuit out of use. 

Flush Switches. Where gangs of flush switches are used, 
whether with conduit systems or not, the switches should be 
enclosed in boxes constructed of, or lined with, fire-resisting 
material. 

Where two or more switches are placed under one plate, the 
box should have a separate compartment for each switch. IN'o 
push buttons for bells, gas lighting circuits, or the like, should 
be placed in the same wall plates with switches controlling 
electric light or power wiring. 
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Snap Switches, like knife switches, should always be 
mounted on non-combustible, non-absorptive, insulating bases, 
such as slate or porcelain, and should have carrying capacity 
sufficient to prevent undue heating. 

When used for service switches they should indicate at sight 
whether the current is ^^on" or ^^off." Indicating switches should 
be used for all work, to prevent mistakes and possible accidents. 
The fact that lights do not burn or the motor does not run is not 
necessarily a sure sign that the current is off. 

Every switch, like every piece of electrical apparatus, should 
be plainly marked, where it is always visible, with the maker's 
name and the current and voltage for which it is designed. 

On constant - potential systems, these switches, like knife 
switches, should operate successfully at 50 per cent overload in 
amperes with 25 per cent excess voltage, under the most severe 
conditions they are likely to meet with in practice. They should 
have a firm contact, should make and break readily, and not stop 
when motion has once been imparted to the handle. When this 
stylo of switch is used for constant-current systems, they should 
close the main circuit and disconnect the branch wires when 
turned ^^off;" should be so constructed that they will be auto- 
matic in action, not stopping between points when started; and 
should prevent an arc between the points under all circumstances. 
They should also indicate at sight whether the current is "on'' 
or "off." 

Incandescent Lamps. Table X is compiled from a series of 
careful tests on a number of incandescent lamps taken from a 
large stock at random. 

Poor regulation of voltage results in more trouble with 
incandescent lamps and their users than any other fault in electric 
lighting service. 

Some men act on the theory that so long as the life of a lamp 
is satisfactory, an increase of voltage, either temporary or perma- 
nent, will increase the average light. The fact is that when 
lamps are burned above their normal rating the average candle- 
power of all the lamps on the circuit is decreased. 

Excessive voltage is thus a double error — it decreases the 
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TABLE X. 

IncftodesceBt Lamp Data. 



Volts. 


C. P. 


Amp. 


Watts 
Per Lamp. 


Watts 
Per C. P. 


Hot 
Res. 


62 


10 


.67 


35 


3.50 


77.61 


II 


16 


1.08 


66 




1 


48.14 


«i 


20 


1.34 


70 




ri 


38.80 


II 


24 


1.62 


84 




1 


32.09 


<i 


32 


2.15 


112 




1 


24.18 


1* 


60 


3.36 


176 




1 


15.47 


If 


100 


6.73 


350 




1 


7.72 


1* 


150 


10.09 


626 


14 


5.15 


104 


10 


.34 


35 


3.50 


305.88 




1 


16 


.54 


66 


«« 


192.69 




1 


20 


.67 


70 


II 


185.22 




f 


24 


.81 


84 


(I 


128.39 




< 


32 


1.08 


112 


II 


96.29 




f 


50 


1.68 


176 


11 


61.90 




f 


100 


3.36 


360 


II 


30.95 


<i 


150 


6.05 


625 


II 


20.59 


110 


10 


.32 


35 


3.60 


843.75 


fi 


16 


.51 


66 


u 


216.68 


<• 


20 


.64 


70 


41 


171.87 


If 


24 


.76 


84 


K 


144.73 


II 


32 


1.02 


112 


11 


107.84 


II 


60 


1.59 


176 


II 


691.82 


11 


100 


3.18 


350 


II 


34.69 


M 


150 


4.77 


626 


II 


23.06 


220 


16 


.291 


64 


4.00 


766.01 


11 


32 


.682 


128 




379.31 



total light of the lamps, and increases the power consumed. If 
increased light is needed, 20-candle-power lamps should be in- 
stalled instead of raising the pressure. Their first cost is the 
same as IG-candle-power lamps; they take but little more current 
than 16-candle-power lamps operated at high voltage and give 
greater average light. 

Increased pressure also decreases the commercial life of the 
lamp, and this decrease is at a far more rapid rate than the 
increase of pressure, as shown in the following table. This table 
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shows the decrease in life of standard 3.1-watt lamps due to 

increase of normal voltage. 
Per Cent of 
Normal Voltage. Life Factor. 

100 X.000 

101 818 

102 681 

lo:i 662 

104 452 

105 374 

100 310 

From this table it is seen that 3 per cent increase of voltage 
halves the life of a lamp, while 6 per cent increase reduces the life 
by two thirds. 

Intensity or Brilliancy. The average brilliancy of illumi- 
nation retpiired will depend on the use to which the light is put. 
A dim light that would be very satisfactory for a church would 
be wholly inadequate for a library and equally unsuitable for a 
ballroom. 

The illumination given by one candle at a distance of one 
foot is called the "candle-foot'^ and is taken as a unit of intensity. 
In general, intensity of illumination should nowhere be less than 
one candle-foot, and the demand for light at the present time 
quite frequently raises the brilliancy to double this amount. As 
the intensity of light varies inversely with the square of the dis- 
tance, a 16-candle-power lamp gives a candle-foot of light at a 
distance of four feet. A candle-foot of light is a good intensity 
for reading purposes. 

Assuming the 16-candle-power lamp as the standard, it is 
generally found that two 16-candle-power lamps per 100 square 
feet of floor space give good illumination, three very bright and 
four brilliant. These general figures will be modified by the 
height of ceiling, color of walls and ceiling, and other local condi- 
tions. The lighting effect is reduced, of course, by an increased 
height of ceiling. A room with dark walls requires nearly three 
times as many lights for the same illumination as a room with 
walls painted white. "With the amount of intense light available 
in arc and incandescent lighting, there is danger of exceeding 
"the limits of effective illumination^' and producing a "glaring 
intensity" which should be avoided as carefully as too little 
intensity of illumination. 
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Distribution concerns the arrangement of the various sources 
of light and the determination of their candle-power. The 
object should be to ^^secure a uniform brilliancy on a certain 
plane, or within a given space. A room uniformly lighted, even 
though comparatively dim, gives an effect of much better illumi- 
nation than where there is great brilliancy at some points and 
comparative darkness at others. The darker parts, even though 
actually light enough, appear dark by contrast, while the lighter 
parts are dazzling. For this reason naked lights of any kind are 
to be avoided, since they must appear as dazzling points in con- 
trast with the general illumination." 

Tlie Arrangement of the Lamps is dependent very largely 
upon existing conditions. In factories and shops, lamps should 
be placed over each machine or bench so as to give the necessary 
light for each workman. In the lighting of halls, public build- 
ings and large rooms, excellent effects are obtained by dividing 
the ceilings into squares and placing a lamp in the center of each 
square. The size of square depends on the height of ceiling and 
on the intensity of illumination desired. Another excellent method 
consists in placing the lamps in a border along the walls near the 
ceiling. 

For the illumination of show windows and for display effects, 
care must be taken to illuminate by reflected light. The lamps 
should be so placed as to throw their rays upon the display with- 
out casting any direct rays on the observer. 

The relative value of liigh candle-power lamps in comparison 
w^ith an equivalent number of IG-candle-power lamps is worthy of 
rotice. Large lamps can be efficiently used for lighting large 
areas, but in general a given area will be much less effectively 
lighted by high candle-power lamps than by an equivalent number 
of IG-candle-power lamps. For example, sixteen 64-candle-power 
lamps distributed over a large area will not give as good general 
illumination as sixty-four 1 6-candle-power lamps distributed over 
the same area. High candle-power lamps are useful chiefly when 
a brilliant light is needed at one point, or where space is limited 
and an increase in illuminating effect is desired. 

Tlie Relative Value of tlie Arc and Incandescent Systems 
pf Ligliting is frequently difficult to determine. Incandesceut 
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TABLE XI. 

TatUd Fiue Wire. 

Chase-Shaw MIT Co., 
Boston. 



Caminjx 


1 Standard 
Lt-n^'th. 
Inches. 


Diameter 


Feet 


Capacity. 
AmpcTcs. 


in Mils. 


Ter Pound. 


X 


Wz 


10 


2,700 


y. 


\V2 


17 


950 


1 


Vi 


20 


670 


\y. 


IM 


23 


510 


2 


Hi 


25 


'l->0 


6 


I'i 


27 


370 


4 


1/2 


30 


300 


6 


2 


35 


812 


6 


2 


38 


504 


7 


2 


44 


021 


8 


2 


47 


120 


9 


2 


54 


93 


10 


2 


58 


80 


12 


3 


62 


70 


14 


3 


68 


60 


15 


3 


70 


52 


16 


3 


73 


49 


18 


3 


78 


43 


20 




86 


• 36 


25 




90 


32 


30 




100 


26 


35 




110 


22 


40 




122 


18 


45 




126 


17 


50 




147 


12.5 


60 


5 


160 


10.3 


70 


5 


172 


9.0 


75 


5 


178 


8.3 


80 


5 


190 


7.5 


90 


5 


198 


6.7 


100 


6 


220 


5.5 
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lamps have the advantage that they can be distributed so as to 
avoid the shadows necessarily cast by one single source of light. 
Arc lamps used indoors with ground or opal globes cutting off 
half the light, have an efficiency not greater than two or three 
times that of an incandescent lamp. Nine 50-watt, 16-candle- 
power lamps consume the same power as one full 450-watt arc 
lamp. It has been found that, unless an area is so large as to 
require 200 or 300 incandescent lights distributed over it, arc 
lamps requiring equal total power will not light the area with so 
uniform a brilliancy. 

Fuses should have contact surfaces or tips of harder metal, 
having perfect electrical connection with the fusible part of the 
strip. 

The use of the hard metal tip is to afford a strong mechanical 
bearing for the screws, clamps or other devices provided for 
holding the fuse. 

Fuses should be stamped with about 80 per cent of the 
maximum current they can carry indefinitely, thus allowing about 
25 per c^t overload before the fuse melts. 

With naked open fuses of ordinary shapes and not over 500 
amperes capacity, the maximum current which will melt them in 
nbout five minutes may be safely taken as the melting point, as 
the fuse practically reaches its maximum temperature in this 
time. Wilh larger fuses a longer time is necessary. 

The following table shows the minimum break distance, and 
the separation of the nearest metal parts of opposite polarity, for 
open-link fuses when mounted on slate or marble bases, for differ- 
ent voltages and different currents : 

Separation of nearest 

metal parts of Minimum 

125 Volts or Lzss. opposite polarity. brcr.k dictance. 

10 amperes cr less }i inch 54 inch 

1 1 — 100 amperes 1 inch ^ inch 

101— 300 amperes 1 inch 1 inch 

125 TO 250 Volts. 

10 amperes or less l^inch 1^ inch 

11—100 amperes 1^ inch V/i inch 

101—300 amperes 2 inch V/2 inch 

Pase Terminals should be stamped with the maker's name or 
initials, or some known trade-mart 
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Fuse Wire. 1'able XI shows the sizes of fuse wire and thie 
approximate eurreiit-earrying capacity of each size. 

Fuses have been knowTi to blow out simply from the heat due 
to poor contact when nowhere near their current-carrying capacity 
had been reached. They should be so put up and protected that 
nothing will tend to rupture them except an excessive flow of 
current. No fuse of the larger sizes ever blew out without 
causing a greater or less fire risk. 

Fuses blow out or melt from excessive heat, and nothing 
else, and are therefore not as instantaneous in their action as a 
circuit breaker, which is constantly cared for and kept clean. 
Central stations or large isolated plants subject to greatly varying 
loads should have their lines and generators protected by both 
fuses and magnetic circuit breakers as a double protection against 
excessive current. 

The lengths of fuses and distances between terminals are 
important points to be considered in the proper installation of 
these electrical "safety valves." I^o fuse block should Jiave its 
terminal screws nearer together than one inch on 50 or 100-volt 
circuits, and one inch additional space should always be allowed 
between terminals for every 100 volts in excess of this allowance. 
For example, 200-volt circuits should have their fuse terminals 
2 inches apart, 3 00- volt 3 inches, and 500-volt 5 inches. This 
rule will prevent the burning of the terminals on all occasions of 
rupture from maximum current, and this maximum current 
means a "short circuit." Good contact is absolutely essential in 
the installation and maintenance of fuses. See that the copper 
tips to all fuses are well soldered to the fuse wire, and further- 
more see that the binding screw or nut is firmly set up against 
this copper tip when the fuse is placed in circuit ; a 100-ampere 
fuse can be readily "blown" by 25 amperes if the above pre- 
cautions are not carried out. Poor contact in every case can 
cause a heating beyond the carrying capacity of the largest fuses. 
On the other hand, much damage can be done by using too short 
fuses and too large terminals, as the radiation of heat from the 
short piece of fuse wire to the heavy metal terminals and set 
screws or nuts can very easily raise the current-carrying capacity 
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of a fuse designed to carry 50 amperes to 100 amperes, or even 
more. All open-link fuses should be placed in cut-out cabinets 
when possible. 

Cut-out Cabinets should be so constructed, and cut-outs so 
arranged, as to obviate any danger of the melted fuse metal com- 
ing in contact with any substance which might be ignited thereby. 

A suitable box may be made of marble, slate or wood, 
strongly put together, the door to close against a rabbet so as to be 
perfectly dust tight, and it should be hung on strong hinges and 
held closed by a strong hook or catch. If the box is wood the 
inside should be lined with sheets of asbestos board about one- 
sixteenth of an inch in thickness, neatly put on and firmly 
secured in place by shellac and tacks. The wires should enter 
through holes bushed with porcelain bushings, the bushings tightly 
fitting the holes in the box, and the wires tightly fitting the bush- 
ings (using tape to bind up the wire, if necessary), so as to keep 
out the dust. 

The Enclosed Fuse, or ^^Cartridge Fuse" (see Fig. 13), con- 
sists of a fusible strip or wire placed inside of a tubular hold- 
ing jacket filled with porous or powdered insulating material 
through which the fuse wire is suspended from end to end and 
which surrounds the fuse wire. The wire, tube and filling are 
made into one complete, self-contained device with brass or copper 
terminals or ferrules at each end, the fuse wire being soldered 




Fipr. 13. 
Enclosed Fuse. 

to the inside of the ferrules. When an inclosed fuse "blows" by 
excess current or short circuit the gases resulting are taken up by 
the filling, the explosive tendency is reduced and flasliing and 
arcing are eliminated. 

Incandescent Lamps in Series Circuits should be wired with 
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the same precaution as for series arc lighting and each lamp 
should be provided with an automatic cut-off. 

Each lamp should be suspended from an approved hanger 
board by means of a rigid tube, to prevent the wires from constant 
swinging. 

No electro-magnetic device for switches and no system of 
multiple, series, or series-multiple lighting in this class of work 
should be used. Under no circumstances should incandescent 
lamps in series circuits be attached to gas fixtures, as the high 
voltage necessarily employed in this class of lighting should be 
kept as far as possible from gas piping, which is so thoroughly 
grounded or likely to be. 

When incandescent lamps are used for decorative purposes, 
as in the use of miniature colored lamps, and it is necessary to 
run two or more in series, permission should always be secured, 
in writing, from the Inspection Department having jurisdiction. 

Arc Lamps should be carefully isolated from inflammable 
material, should be provided at all times with a glass globe sur- 
rounding the arc and securely fastened upon a closed base. No 
broken or cracked globes should be used, as they are designed to 
prevent hot bits of carbon from falling to the floor should they 
fall from the carbon holder. All globes for inside work should bo 
covered with a wire netting having a mesh not exceeding one and 
one-quarter inches, to retain the pieces of the globe in position 
should the latter become broken from any cause. A globe thus 
broken should be replaced at once. When arc lamps are used 
in rooms containing readily inflammable material they should 
be provided with approved spark arresters, which should be made 
to fit so closely to the upper orifice of the globe that it would be 
impossible for any sparks thrown off by the carbons to escape. 
It is safer to use plain carbons and not copper-plated ones in such 
rooms, or better still, an enclosed arc lamp, one having its carbons 
enclosed in a praotieally tight glass globe which is inside the 
outer globe. Where hanger-boards are not used arc lamps should 
be hung from insulating supports other than their conductors. 

AH arc lamps j^hould be provided with reliable stops to pre- 
vent carbons from falling out in ease the clamps become loose, 
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and all exposed parts should be carefully insulated from the cir- 
cuit. Each lamp for constant-current systems should be provided 
with an ai)proved hand switch, and also an automatic switch that 
will shunt the current around the carbons, so that the lamp will 
thus cut itself out of circuit should the carbons fail to feed 
properly. If the hand switch is placed anywhere except on the 
lani]) itself, it should comply in every respect with the require- 
ments for switches on hanger-boards as described under the latter 
heading. 

Arc Light Wirinjf, All wiring for high-potential arc light- 
ing circuits should be done wdth "Rubber-Covered" wire. The 
wires should be arranged to enter and leave the building through 
iin api)roved double-contact service switch, which should close the 
main circuit and disconnect the wires in the building when turned 
'*olf." These switches should be so constructed that they will be 
iHitoniatic in their action, not stopping between points when 
started, and j)reventing arcing between points under any circum- 
stances, and should indicate plainly whether the current is "on'' 
or "off." Xever use snap switches for arc lighting circuits. All 
arc light wiring of this class should be in plain sight and never 
enclosed except when required, and should be supported on porce- 
lain or glass insulators which separate the wires at least one inch 
from the surface wired over. The wires should be kept rigidly at 
least eight inches apart, except of course within the lamp, hanger- 
board, or cut-out box or switch. On side walls the wiring should 
bo protected from mechanical injury by a substantial boxing 
retaining an air space of one inch around the conductors, closed 
at the top (the wires passing through bushed holes), and extend- 
ing not less than seven feet above the floor. When crossing floor 
timbers in cellars or in rooms, where they might be exposed to 
iiijurv, wires should be attached by their insulating supports to 
the under side of a wooden strip not less than one-half an inch 
in thickness. 

Arc Lamps on Low-Potential Circuits should have a cut-out 
for each lamp or series of lamps. The branch conductors for 
such lamps should have a carrying capacity about 50 per cent in 
excess of the normal current required by the lamp or lamps, to 



ELECTEIC WIEING 67 

provide for the extra current necessary when the lamps are started, 
or, should a carbon become stuck, to prevent over-fusing the 
wires. If any resistance coils are necessary for adjustment or 
regulation, they should be enclosed in non-combustible material 
and be treated as sources of heat; it is preferable that such 
resistance coils be placed within the metal framework of the 
lamp itself. Incandescent lamps should never be used for resist- 
ance devices. These lamps should be provided with globes and 
spark arresters, as in the case of arc lamps on high-potential series 
circuits, except when the enclosed arc lamps are used. 

Economy Coils, or compensator coils, for arc lamps should 
be mounted on glass or porcelain, allowing an air space of at least 
one inch between frame and support, and in general should be 
treated like sources of heat. 

Hanger-Boards should be so constructed that all wires and 
current-carrying devices thereon will be exposed to view and 
thoroughly insulated on non-combustible, non-absorptive insulat- 
ing substance, such as porcelain. 

All switches attached to the hanger-board should be so con- 
structed that they will be automatic in their action, cutting off 
both poles to the lamp, not stopping between points when started, 
and preventing an arc between points under all circumstances. 

Electric Heaters should always be treated as sources of heat 
and kept away from inflammable materials. Each heater should 
have a cut-out and indicating switch, and all attachments from 
the feed wires to the heater should be kept in plain sight, easily 
accessible and protected from interference. Each heater should 
have a naine-])late giving the maker's name and the normal capac- 
ity in volts and ani])eres. 

Approved Apparatus and Supplies. Every article or fitting 
intended for use in electrical wiring or construction or in con- 
nection therewith should, before being manufactured or placed 
upon the market, be examined and approved by the Underwriters* 
National Electric Association for use under the rules and require- 
ments of the Xational Board of Fire Underwriters and placed 
upon their official list of "approved" electrical fittings. 

Any new article, therefore, or modification of an old article. 
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iritende^l to bo placc-d in general electrical use, should first be sent 
for examination and test to the laUjratory of the Electrical 
Bureau of the National Board of Fire Underwriters, 67 East 
Twenty-first street, Chicago, 111. 

If the article is approved it will be placed upon the list of 
fittings, which list is reviseil quarterly. When buying electrical 
snjijilies of any description make sure that they have been ap- 
jiroved. If there is any question about it, make your supply 
dealer give you a guarantee that they will be approved by the 
Fire Underwriters' Insi)ector if installed in accordance with the 
rules and requirements of the National Board of Underwriters. 

Electrical Inspection. The principal points regarding the 
safe insrallati'jn of dynamos, motors, outside and inside wiring, 
as required by the insurance underwriters, have been set forth in 
tliis j)aper. There will probably arise questions which cannot 
Ik5 settled by reference to the suggestions herein contained, and 
therefore a great deal has to be left to the judgment of the con- 
structing engineer and inspector. In every such case the Inspec- 
tion Department having jurisdiction should be consulted with 
p(*rfect assurance that nothing unreasonable will ever be demanded 
in the way of special construction. 

Every piece of wiring or electrical construction work, 
whether open or concealed, should be and usually is inspected, 
and notice, therefore, should always be sent by the contractor or 
engineer to the board having jurisdiction, immediately upon com- 
pletion of any work. 

Negligence in this matter has frequently caused floors to be 
torn up when doubtful work has been suspected, and at the cost 
of the parties who installed the wiring. 

TIk? insurance inspector cannot order any piece of wiring 
taken out or altered, but always reports whether or not the plant 
is installed in a manner which will reduce the fire risk to a mini- 
mum. If the inspector has occasion to recommend any changes 
which he considers for the safety of the building, and such 
changes are not immediately made, he recommends that the insur- 
ance rate on the building be so raised that it will, in the end, be 
found advisable to attend to his suggestions^ which are in every 
case reasonable, 
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Storage or secondary batteries, also called accumulators, con- 
sist of cells in which a chemical change is brought about by pass- 
ing an electric current through them, thereby rendering them 
capable of giving back electrical energy by discharging them 
until they return to their original chemical condition. 

Ordinarily, a storage battery consists, essentially, of two sets 
of plates suspended in a chemical solution. The plates are of 
metal or metallic oxide, and the solution is incapable of acting 
upon them until an electric current is passed from one plate to 
the other. This current decomposes the electrolyte; one of its 
constituent elements or radicals goes to one plate, and the remain- 
ing constituent to the other, so that when the passage of the cur- 
rent ceases there are two chemical elements or radicals with a 
tendency to unite, and upon combination the energy evolved 
appears as an electric current, which flows in the opposite direc- 
tion to the charging current. This flow of current continues 
until the cell is restored to its original condition; when this 
occurs the cell is said to be discharged. 

A Primary Cell is one in which electrical energy is produced 
by the chemical action of one or two solutions on the plates of 
the cell. When the solutions or plates are exhausted, they are 
n')t restored to their original condition by the passage of an elec- 
trical current. 

This reversibility or regeneration is the fundamental differ- 
ence between storage and primary cells. 

An Electrolyte is a chemical compound, capable of acting as 
an electrical conductor, and while so acting, undergoes chemical 
decomposition. This phenomenon is called electrolysis. 

For example, when hydrochloric acid is decomposed by elec- 
trical energy, it is decomposed into the elementary gases hydro- 
gen (II) and chlorine (CI). The chemical formula for this 
action is, 

211 CI + Electrical energy = Cl^ + H^. 
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When sulphuric acid is electrolyzed, it is at first split up 
into hydrogen (H^) and the i-adical sulphion (SO^) ; the latter 
combines with the water of solution present and reforms sulph- 
uric acid (HgSO^) and oxygen is liberated. The chemical equa- 
tions for the above ptimary and secondary reactions are : 

2H2O + 2H2SO^ + Electrical energy = 2H2 + 280^ + 2H2O 
2H2 + 280^ + 2HaO = 2H2 + 2H2SO^ + O^ . 

The modern theory of electrolysis assumes that in an electro- 
lytic solution there are always free ions which wander around 
promiscuously, until the application of an electric current directs 
their wanderings into certain definite directions. 

Any salt dissolved in water is ionized, that is, some portion 
is separated into the two component parts of the salt. 

When certain metals such as potassium or sodium are free 
in an ionized solution they are said to be in an allotropic state, 
and when the current is passed through the solution, the metal is 
freed from its allotropic state, and will in such cases, form hy- 
drates, (KOH), (NaOH). The theory also states that the con- 
ductivity of electrolytes is due to the presence of these ions, and 
that the non-ionized portion does not conduct. 

In 1802, soon after the invention of the primary cell by 
Volta, Gautherot demonstrated the fact that platinum wires, after 
being used to electrolize saline solutions, were able to produce 
secondary currents. Volta, Ritter, Davy and others noted similar 
effects, the phenomenon being what is commonly called polariza- 
tion. In 1859 Plante undertook a series of experiments with the 
object of studying and magnifying this effect and finally developed 
the Plants type of storage battery ; nearly all successful types of 
storage batteries of the present day are based upon the Plants 
cell. 

Types of Storage Batteries: 

Plants 

Faure, 

Combination of Plants and Faure, 

Non-lead. 
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PLANTE BATTERY. 

This cell was originally made by placing two plates of metal« 
lie lead in a vessel containing dilute sulphuric acid. These plates 
were connected to an electric generator, and a current sent 
through the cell, which decomposed the electrolyte and oxidized 
the positive plate. The cell was then discharged ; but the energy 
obtained was very small, since the action was confined to the 
immediate surface of the plates. By repeated charging and dis- 
charging first in one direction and then in the other, the oxidation 
penetrated deeper and deeper into both plates, thus increasing the 
storage capacity of the cell. 

The chief diflSculty with the Plants battery was the great 
length of time required for "forming" the plates, which as just 
explained consists in converting the surface of the plates into 
active materials, by repeated chargings and dischargings. This 
take 5 a long time and is expensive, as it requires a large con- 
sumption of electrical energy. Later on in his investigations, 
Plants hastened this forming process by pickling the plates in 
dilute nitric acid, tlien washing them in a 10 per cent sulphuric 
acid solution, after which they were electrically formed. ' An 
inherent diflSculty with the Plants system is that plates well 
adapted to the forming process are difficult to make. 

In 1881 Faure devised the method of pasting the lead oxide 
or active material directly upon the plates. This largely avoids 
the tedious forming process ; but the plates thus produced are not 
as durable as the Plants elements, being more likely to disinte- 
grate and buckle, because the paste is not an integral part of the 
plate and tliere is considerable difiference in the coefficients of ex- 
pansion of lead and of the oxide. 

Innumerable forms of storage batteries have been invented, 
and many of them have been exploited, in which copper, zinc, 
iron and other metals or elements instead of lead were used : but 
almost all of tliose now being manufactured and used commer- 
cially are of some lead type. Such being the case, it is safe to as- 
sume or infer, that this lead combination possesses distinctive 
features not present in the other combinations ; and upon investi- 
gation, it is apparent that these featuies are that the electrodes, 
the active materials and the compoimds formed from them are, 
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under every normal condition of use, insoluble in the electrolyte 
employed. 

In every other form of battery now on the market, one or 
even l)oth of the electrodes or materials formed on them are sol- 
iibh' ill the electrolyte, and this solubility is detrimental to the 
storap* j)o\vt*r and life of the cell. 

General Principles of the Storage Battery. Any primary 
battery will act as a storage battery provided its chemical action 
is reversible. The ordinary gravity cell, for example, may be re- 
genemted by sending a current through it in the direction oppo- 
site to that produced by it. The zinc sulphate and the metallic 
copper are thus reconverted into metallic zinc and sulphate of 
copper respectively, the chemical action being 

ZnSO^ + Cu -f Electricity = Zn + CuSO^, 
which is exactly the reverse of the action in the primary cell. 
There are, however, practical difficulties in the continued recharg- 
ing of a spent gravity cell, due to the ultimate mixture of the 
sulj)l)ate solutions and the copper salt reaching the negative 
electrode, where it is deposited and sets up destructive local 
action. 

In some forms of primary cells, the chemical action liberates 
a gas that escapes, so that the action is obviously irreversible. 

Chemical Action In Lead Storage Batteries. The exact 
nature of the chemical changes which occur in lead batteries, is 
not yet fully established. Plants believed the charging action to 
consist in the formation of peroxide of lead (PbOg) on the posi- 
tive plate, and metallic lead on the negative, which were converted 
into lead oxide (PbO) on both plates by the discharge. Some 
authorities still maintain this to be the chief reaction ; but it has 
been shown by Gladston and Tribe, and corroborated by subse- 
quent investigations, that the formation of lead sulphate plays an 
important part. 

The probable reaction may be represented as follows: 

Positive Plate. Electrolyte. Negative Plate^ 

Charged Condition Pb02 + 2H2SO4 -f Pb 

Discharged << PbSO* + 2H2O + PbSO* 

Charging Current \^^^^ \ 

Discliarging Current ^ ^^ 
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According to the above equations, the active material on both 
plates is converted into lead sulphate when the battery is dis- 
charged. The reasons for believing this to occur are : firsts chemi- 
cal analysis shows that lead sulphate exists in the discharged 
plate, second^ the density of the electrolyte decreases during the 
discharge of the cell, corresponding to the consumption of sul- 
phuric acid and the formation of water as shown in the above 
reactions, thirds on the thermo-chemical grounds, the combination 
of lead and oxygen as lead oxide (PbO) does not evolve sufficient 
energy to account for the E. M. F. or voltage produced. 

c 




Fig. 1. Gould Storage Battery Plate. 



Storage Batteries of the Plant6 Type. It was noted that 
the serious objection to the Plants battery was the great length of 
time necessary to form the plates, and how Plants treated them 
with nitric acid to hasten this action. Other methods are used to 
obtain a quickened formation, and are tabulated as follows: 

1. Mechanical Action: Laminated plates, made up of lead 

ribbons. Tlie surface of the plate is grooved with 
some forming tool. Built up of lead wires, etc. 

2. Chemical: Treating the plates in some pickling bathy to 

produce initial oxidation. 

3. Electrolytic : Forming a plate of some compound of lead 

or an alloy, and either reducing the compound or eat- 
ing the foreign matter away, leaving a porous lead plate. 
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The Qould Storage Battery. This battery is made by the 
Gould Electric Storage Battery Company of N. Y., and the plates 
are produced by a combination of the first and third methods. 
The plates or blanks are placed in steel frames and given a recip- 
rocating motion between two revolving shafts which carry groov- 
ing discs, giving tlie plates a surface as shown in Fig. 1. No lead 
is removed by this process but the surface is ploughed up. It is 
then subjected to electro-chemical treatment to form the active 
material. The completed cells range in size from a cell of three 
plates 3 inches by 3 inches, to one of one hundred and five plates 
each 15.5 inches by 31 inches, and in capacity in ampere-hours 
from five to seventeen thousand. 



Discharge 



Volts 




10,000 

Minytc5 



Fig. 2. 



5 10 i5 20 25 30 3S 40 45 

Discbarge Curve of a Gould Type **T " Battery. 



The curves shown in Fig. 2 are reproductions of curves 
obtained from tests of one of their type — - T batteries, plates each 
15.5 inches by 31 inches, and 101 in number, made at the Pan 
American Exposition. The weight of this battery complete is 
about seven thousand and fifty pounds. 

The Crompton- Howell Battery. A standard form success- 
fully used in England, is of the Plants type, the plates being com- 
posed of a porous crystalline lead, made according to method 3 
(see page 5) and afterwards "formed" by repeated charges and 
discharges. The regular dimensions of the plates are 9 inches by 9 
inches by \ inch, and the different sizes of cell are made up by 
varying the number of plates. A cell of this type with sixty-one 
plates can maintain a discharge of 1000 4imperes for thirty min- 
utes without a serious fall in potential. 

FAURE TYPES OF STORAGE BATTERY. 

As has been stated, the difficulty with the Faure type is the 
natural tendency to disintegrate or buckle. Various methods to 
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increase the permanency of the adhesion of the active material 
have been suggested of which the most important are as follows : 

1. Plates are grooved, roughened, or " pocketed." 

2. Plates are entirely perforated, the holes being circular, or 
rectangular, and varying in cross section; some have a uniform 
section through the grid A, Fig. 3, othei-s are contracted at the 




Fig. 3. Different Cross Sections of Faure Plate Perforations. 

center B and again they may be expanded at the center of the 
gridC. 

3. The active materials may be enclosed in either a conduct- 
ing or non-conducting cage. 

4. The plates may be made up entirely of active material. 
Faure cells usually have a greater weight efficiency than 

Plants types because the proportion of active material may be 
made greater. 

The E. P. S. Battery is one of the most important of the 




Fig. 4. Section of E. P. S. Battery Plate. 



Faure type, its name being the initials of the Electric Power 
Storage Company by which it is manufactured in England. It is 
sometimes called the Faure-Sellon-Volckmar cell, being made un- 
der the combined patents of these and several other inventors. 

The plates consist of lead grids cast in an iron mold, and 
have the cross-section shown in Fig. 4. The later types have a 
thin perforated strip of metal (lead) running across each opening 
midway between the edges. The holes A in the grid are com- 
pletely filled with a paste of red lead or minium (Pb804) and dilute 
sulphuriQ acid for the positive, while the paste for the negative 
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consists of minium, or litharge (PbO) and dilute sulphuric acid 
or a magnesium sulphate solutmur These pastes are pressed into 
the grids and dried. 

The plates are hardened in dilute sulphuric acid, after which 
they are ready for forming. A strong current of 48 hours' dura- 
tion is required for the positive plate and twenty-four hours is 
required for the formation of the negative plate. To prevent 
short circuiting after the cells are set up, the plates have glass rod 
separators placed between them. 

The E. P. S. batteries are made in many different sizes and 
types, of which the L type is a good example, being used exten- 
sively in isolated plants. Data of this type are as follows : 

B. P. 8. ACCUnULATOR, L. TVPB. 



No. of 
Plates. 


Maximam Normal 

Charge or 
Discharge Rate. 


Capacity 
Ampere 
Hoars. 


Approximate External 
Dimensions. 


Weight Complete 
with Acid 




Length. 


Width. 


Height. 


Wooden CeU. 


7 
11 
15 
23 
31 


13 amperes 

22 ** 

30 

46 •' 

60 •• 


130 
220 
330 
600 
660 


61 in. 
8 

141 
19 


131 in. 
for 

wooden 
and 12 
for 
glass 
cell. 


18 in. 
for 

wooden 
and 
131 for 
glass 
cell. 


74 lbs. 
107 " 
143 ** 
228 " 
286 " 



One of the smaller types of the E. P. S. battery is used exten- 
sively in England in electric vehicle work. 

The Exide Battery is manufactured by the Electric Storage 
Battery Co., of Philadelphia, chiefly for electric vehicle duty. 
The plates are of the Faure type, and consist of lead-antimony 
grids (about 5 per cent antimony) pasted with oxides of lead. 

The grid for the positive plate is of the cage type, consisting 
of thin vertical ribs, the edges of which are flush with the faces 
of the plate, and connected by small bars of a triangular cross 
section ; the bars on one face are staggered with respect to those 
on the other side. This finished form is then pasted up with red 
lead (Pbg O4 ) and formed in the usual way ; the thickness of the 
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finished plate is about ^g^ inch. From this description it is evident 
that the plate is made up in accordance with method 3 described 
on page 7, the enclosing cage being of conducting material. The 
active material is in the form of rectangular pencils extending 
from the top of the pLite to the bottom. The thin flat ribs are on 
two sides of these pencils and the triangular cross pieces are im- 
bedded in the otlier two sides which constitute the faces of the 
plates. The Exide cell is shown in Fig. 6. 





Fig. 5. Exide Battery. 

The negative plate consists of a thin antimony lead sheet, 
with a comparatively heavy frame of cast lead. The body of the 
sheet is perforated at regular points and very close together. 
These perforations are not actual punchings (being made by a 
tool which does not remove the material) but are simply holes 
torn in the plate leaving the material around the hole in ragged 
projections wlxich curve back towards the sheet, and form as it 
were a series of hooks. These projections are formed on both 
Bides of the plates. 

The grid is then pasted with litharge (PbO) on both faces ; 
it is held to the plate by the "hooks" a« well as being "riveted'* 
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by passing through the holes which the projections surround. 
The thickness of this finished plate is about iV inch. 

When assembled, the plates are placed in rubber jars of 
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Size of Plates. 

Length (inches). 

Height (inches). 

Outside Measures 
of Rubber Jars. 


Width (inches). 
Length (inches). 
Height (inches). 


Weight in Pounds. 

Elements. 

Electrolyte. 

Complete Cell. 



dimensions as above, and separated from each other by wooden 
partitions. In addition a perforated rubber sheet is placed against 
the faces of the positive plates. 

The brougham or hansom battery of this type of cell consists 
of 44 cells of TV-9 size, having four positive and five negative 
plates. The weight of this outfit complete with tray is about 
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1659 pounds, the capacity 156 ampere hours (4 hour, 39 ampere 
rate), the average voltage during discharge about 1.98 volts per 
cell or 87 volts for 44 in series, the total watt-hour output being 
therefore 13,572, or 8.18 per pound. 

COMBINATIONS OF PLANT^ AND PAURE TYPES. 

The Chloride Battery, manufactured by the Electric Storage 
Battery Company of Philadelphia and allied companies in Eng- 
land, France and Germany, is a compromise between the Plants 
and Faure types, the positive being of the Plants type, and the 
negative of practically the Faure type. 

The principal features in the manufacture of this battery are 
as follows : The first step is the production of finely divided lead, 
which is made by directing a blast of air against a stream of the 
molten metal, producing a spray of lead which upon cooling falls 
as a powder. This powder is dissolved in nitric acid (HNO3) and 
precipitated as lead chloride (PbCi2) on the addition of hydro- 
chloric acid (HCl). This chloride washed and dried forms the 
basis of the material which afterwards becomes active in the 
negative plate B, Fig. 6. The lead chloride is mixed with zinc 
chloride, and melted in crucibles, then cast into small pastiles or 
tablets about | inch square and of the thickness of the negative 
plate, which according to the size of the battery varies from ^ inch 
to -^Q inch. These tablets are then put in molds and held in place 
by pins, so that they clear each other by .2 inch and are at the 
same distance from the edges of the mold. Molten lead is then 
forced into the mold under about seventy-five pounds pressure, 
completely filling the space between the tablets. The result is a 
solid lead grid holding small squares of active material. The lead 
chloride is then reduced by stacking the plates in a tank contain- 
ing a dilute solution of zinc chloride, slabs of zinc being alternated 
with them. This assemblage of plates constitutes a short-circuited 
cell, the lead chloride being reduced to metallic lead. The plates 
are then thoroughly washed to remove all traces of zinc chloride. 

A new form of negative plate has recently been designed 
which promises to replace the chloride type just discussed. It 
consists of a "pocketed" grid, the opening being filled with a 
litharge paste; this is then covered with perforated lead sheets, 
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which are soldered to the grid. The positive plate (A, Fig. 6) Ik 
a firm grid, composed of lead alloyed with about 5 per cent of 
antimony, about Jg of an inch thick, with circular holes || of an 
inch in diameter, staggered so that the nearest points are .2 of 
an inch apart. Corrugated lead ribbons -^^ of an inch wide are 
then rolled up into close spirals of || of an inch in diameter, 
which are forced into the circular holes of the plate. 

By electro-chemical action, these spirals are formed into 
active material, the process requiring about thirty hours; at the 
same time the spirals expand so that they tend to fit still more 









DATA 
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closely in the grids. This form of positive is that known as the 
Manchester Plat^. 

In setting up the cells, the plates are separated from each 
other by special cherry wood partitions, the perforations being con- 
nected by vertical grooves to facilitate the rising of the gases. 
Sometimes glass rods are used as separators. 

The table gives the data of the various types and sizes of 
cells. To save space only the smallest and largest sizes of each 
type are given, but in all cases intermediate sizes are made with 
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every odd number of plates. The capacities, weights, etc. are of 
course ne«arly proportional to the number of plates. 

The smaller sizes are provided with either rubber or glass 
jars, and the larger ones, from F up, with lead-lined tanks. 

The Tudor Cell is very extensively used in Europe, and to 
some extent in this country, although it is no longer manufactured 
here. The American patent rights are controlled by the Electric 
Storage Battery Company. 

The plates consist of rolled, grooved sheets as shown in 
Fig. 7, A being the hollows or grooves into which the paste is set 
and B the lead frame. The tliickness of the plate between oppo- 
site grooves is about .12 inch for the positive, and about .06 inch 
for the negative. The width of grooves on the positive plate is 
also about .12 inch, while on the negative it is about .08 inch. 
The grooves are first coated with a thin layer of peroxide of lead 
(Pb02) by electrolysis, and then packed with the oxides as 
required ; the plates are then rolled to " fix " the paste. This 
treatment of the grid with an electrolytic bath before applying the 
active material, is covered by U. S. patent No. 413,112. 

TUDOR CELLS. 



Type. 


Available 
Capacity. 


Maximum Current 
in Amperes. 


Dimensions of Cells in 
Centimeters. 


Total 
Weight. 




Amp. Hours. 


Charge. 


Discharge. 


Length. 


Width. 


Height. 


Kgms. 


I 


26 


6 


s 


12 


21 


36 


10 


V 


91 


21 


28 


30 


21 


35 


30 


X 


270 


54 


72 


42 


42 


66 


110 


XIV 


630 


126 


168 


74 


42 


55 


230 



In addition to those given above, all of the intermediate sizes 
are made. 

A battery of larger cells is in use in the Head Place Station 
of the Edison Company of Boston, Mass., a description of which 
is given in the Electrical Engineer (N. Y.) of Sept. 18, 1895. 
The plant contains two batteries of 72 cells each. Each cell con- 
sists of a lead-lined wooden box, 3 feet 10 inches long, 3 feet 4 
inches wide, and 3 feet deep, in which are suspended 18 positive 
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and 19 negative frames. Each positive frame is composed of 16 
plates 7 inches square ; while each negative frame has 4 plates 14 
inches square, thus giving an enormous surface Jn each cell. The 
plates are secured in their respective frames by lead strips. The 
frames are held in position about ^ inch apart by vertical glass 
tubes, and rest upon thick glass plates placed on edge in the bot- 
tom of the cell ; the frames being thus raised 6 inches above the 
floor of the cell. It is said that these two batteries combined are 
capable of supplying 6,600 amperes at 110 volts for 1| hours, 
which would usually cover the period of very heavy load. This 
is an output of 726 kilowatts, or nearly 1,000 horse-power for 1^ 
hours, being a remarkably high discharge rate. 
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Fig. 7. The Tudor Battery Plate. 

It is recommended for central-station use, particularly where 
the rate of discharge is great, as, for example, when the total time 
of discliarge is only IJ to 4 hours. For this work the negative 
plates are of the Chloride type, the positives being the heavy 
Tudor plates described above. 

Lithanode. Mr. Desmond Fitzgerald has made storage bat- 
teries with a positive plate consisting entirely of active materials 
made up of litharge (PbO) mixed with ammonium sulphate 
(NH4)2 SO4 which he pressed into tlie required shapes. This 
plate Ls conveited into peroxide by chemical treatment. The 
negative of this cell consists of the ordinary lead plate. While 
this cell has an exceedingly high weight efficiency it ia not of 
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much commercial importance, though used considerably in labora- 
tory work. 

It is the tendency in Europe to make the positive plate of the 
Plants form and the negative of the Faure or pasted type. The 
rciuion for this is that the Plants form is hard to make, and as the 
activity is small on the negative the pasted plate is good enough. 

Tlie practice in lead batteries is to make the negative plate 
of greater capacity than the positive, as the charging and discharge 
ing of a cell in service tends to produce or form more active ma- 
terial on the positive plate, whereas the negative plate is made to 
decrease, so that allowance for this is made as above stated. 

Storage Batteries Containing iletals otlier tlian Lead. 
It has already been stated that almost any primary cell will act 
more or less perfectly as a secondary cell ; as, for example, the 
common gravity battery. A great many have been devised in 
which the lead in one or both of the plates has been replaced by 
some other metal. For example, Reynier made the negative 
plate of zinc instead of lead, this zinc in discharging being con- 
verted into zinc sulphate, which dissolved in the electrolyte. The 
substitution of zinc for lead secures an increase in initial E. M. F. 
from 2.2 to 2.5 volts, and also allows of a considerable reduction 
in weight ; since for the storage of a given amount of energy the 
weight of the zinc required is much less than that of the equiva- 
lent lead. A difficulty with this type of cell is the formation of 
" trees " of zinc on the negative plate during the charging process, 
which are likely to fall off or extend across to the positive plate, 
thus short-circuiting the cell. 

Another difficulty is tlie difference in density of the solution 
between the top and bottom of the plates, the tendency being to 
exhaust the zinc sulphate from the upper portion of the liquid 
during charging. In order to avoid this trouble the plates have 
been arranged horizontally, so that the density would be uniform 
for each plate ; but the difficulty then arises that the gases which 
form to a certain extent in almost all batteries collect between the 
plates and interfere with the chemical action and the passage of 
the current. 

A similar type of cell has been manufactured by the Union 
Electric Company of New York, in which the negative plates con- 
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sist of tilin sheet copper covered with an amalgam of zinc, and the 
positive plates are made up of laminae of lead held together by 
leaden rivets and perforated with numerous small holes, these 
positives being formed by the Plants process. 

Waddell-Entz Accumulator. The copper alkali-zinc primary 
battery of Lalande, Chaperon and Edison being reveraible in 
action, can be used as a storage battery. Waddell and Entz have 
constructed accumulators on this principle. When discharged, the 
positive plate consists of porous copper; on charging the electrolyte 
is decomposed, metallic zinc being deposited on the negative plate, 
the porous copper of the positive plate is oxidized, and the liquid 
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Fig. 8. Construction of Edison Battery Plate. 



becomes converted into a solution of caustic potash (potassium 
hydrate). 

This storage battery has been used with considerable success 
for traction purposes, but its E. M. F. is so low, being only about 
.7 volt, that it would require 170-180 cells for the ordinary 119 
volt electric-lighting circuit, allowing for loss of potential in the 
battery and conductors. This number is three times as great as 
is required with the lead battery. This is a serious objection in 
this or any other low voltage cell. 

The Edison Storage Battery manufactured by the Edison 
Storage Battery Company of Newark, N. J., consists of a positive 
plate of super-oxide of nickel (NiOa) and a negative plate of 
iron, suspended in about a 20 per cent solution of caustic potash 
(KOH). 
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The mechanical construction of both plates (positive and 
negative) is the same, and the grids are made of nickel-plated 
steel, shaped as represented at B, Fig. 8. Each opening in the 
grid is filled with a perforated shallow pocket A or box of nickel- 
plated steel which contains the active material, and projects out 
beyond the body of the grid. 

The active material is made up in the form of briquettes ; 
one briquette being placed in each pocket. A perforated cover of 
nickel steel is placed over each pocket. After the plates are fully 
assembled they are subjected to a pressure of about 100 tons. 
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Fig. 9. Curve of Voltage of Edison Cell During Discharge. 

which firmly forces all parts into a practically solid mass, making 
good electrical contact between the pockets and the grid, at the 
same time turning the edges of the pockets over their respective 
covers. The active material or briquette consists of a finely 
divided compound of nickel mixed with about an equal amount of 
flaked graphite, for the positive plate, and for the negative plate 
it consists of a finely divided compound of iron, with an equal 
amount of flaked graphite. This graphite has no chemical con- 
nection with the action of the cell but is used simply to increase 
^ije oonduotivitv of the briquettes. 
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The finished plates have a thickness of about ^ inch across 
the web, and across the pockets of about ^^ inch. 

The size of the plate varies with the capacity of the cell, 
having a greater or less number of pockets. The containing jar 
is also made up of nickel-plated steel sheets. 

The initial voltage of discharge after recent charge is 1.5 
volts. 

The mean voltage of full discharge is 1.1 volts. 

This cell has an energy capacity or weight efficiency of 14 
watt-hours per pound of complete cell. 

Charging and discharging rates are alike, that is to say, the 
cell may be charged at a normal rate in 3^ hours ; or it may be 
charged at a high rate in one hour, without apparent detriment 
beyond lowering the efficiency. 

The current enters the cell at the positive plate and oxidizes 
the nickel compound to the peroxide state, and reduces the iron 
compound in the negative plate to spongy iron. 

The electrolyte in this cell simply acts as a path for the 
passage of the oxidizing and reducing ions, and its own chemical 
composition does not change. 

The cell is not appreciably influenced by changes in temper- 
ature. It is claimed that it may be fully discharged to the zero 
point of E. M. F. without injury, can be charged in reverse direc- 
tion, then recharged to its original condition and suflFer no loss in 
its storage capacity. The curve given in Fig. 9 shows a six hour 
discharge of an experimental cell, at a constant current of 42.6 
amperes. 

MANAGEMENT OF STORAGE BATTERIES. 

In describing the handling of storage batteries, the various 
types of lead cells will be considered, as they constitute a very 
large majority of cells in commercial use. 

The Battery Room. In the installation of a battery, the 
first point to be considered is its location. The room for this pur- 
pose should be dry, well ventilated and of a moderate temperature, 
otherwise the evaporation of the electrolyte will be excessive. The 
floor, walls and ceiling must be of some acid proof material, brick 
or tile being preferable, and the floor so made as to drain readily; 
an outlet being provided for the drainage system. If the room 
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should be an old one, and have a wooden floor, the floor should be 
coated with asphaltum paint, and lead trays placed below the 
batteries ; any wood work or iron work in the room should be 
likewise treated. 

The room should be sealed from the rest of the building, and 
located near the generating machinery and distribution switch- 
board, so that the copper cables may be low in cost. The windows 
in the battery room should be either of ground or painted glass, 
so that no direct rays of the sun may strike the cells, as the heat 
may crack the cells (glass) or increase the activity of the acid, 
which is not desirable. 

In case the battery installation is in a cold climate, some de- 
vice for keeping the electrolyte at a moderate temperature must 
be used. A simple plan is to suspend an incandescent lamp in the 





Fig. 10. Glass iDSulator for Battery Support. 

cell and have it connected to some automatic device which will 
put it out when the electrolyte is at the desired temperature or 
light it when the electrolyte is too cold. 

5ettinji: up the Cells. The battery is usually placed on the 
floor, or upon strong wooden shelves; Fig. 11 shows a form 
adapted to cells of medium size. Iron stands are sometimes used 
for large and heavy cells, but they must be protected from acid 
fumes and drip by several coats of an acid-proof paint. Wooden 
stands should be varnished, painted or soaked in paraffin for the 
same reason. It is important to have every cell accessible for 
inspection, cleaning and removal, it being desimble to reach both 
sides of the cell. There should also be sufficient head room 
between shelves so that the elements may be lifted out. 

It is highly important that the cells be thoroughly insulated 
from each other, to avoid leakage of current. This is accom- 
plished by standing each cell on four insulators of porcelain or 
glass of the design shown in Fig. 10. Porcelain is preferable to 
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glass as the latter is sometimes pitted by the action of acid fumes. 

Lead-lined tanks are usually set as follows: The floor is 
covered with a layer of glazed tile or brick ; on this are placed 
two wooden stringers about 3 inches x 4 inches carefully painted 
with P & B or some acid-proof paint. On these are set four 
insulators held in 2)lace by wooden pegs which are kept in position 
by pouring melted sulphur around them. On top of these are 
placed the battery tray and battery as indicated in Fig. 11. 

Oil insulators were at fii^st used, but oil collects and holds 
dust, and as dust is likely to cause leakage they are no longer 
used. 

For very large lead tank outfits a double system of the sup- 
porting construction shown in Fig. 11 is used, but with individual 
stringers for each cell. 

Glass cells are often set on wooden trays, which are filled 
with sand to distribute the strains and absorb the drip. Saw-dust 
was also used, but it becomes carbonized by the acid drip, and as 
this is likely to cause leakage, it has been abandoned. 

In connecting the cells, which are usually put in series, great 
care should be taken to join the positive terminal of one cell to 
the negative of the next and so on. The color of the plate is the 
best indication of its polarity, the positive plate being a light 
brown when discharged and a chocolate color when charged, while 
the negative varies from a dark slate to a light slate color. 

It may be noted at this point that the nomenclature, concern- 
ing storage batteries, is different from that of primary cells. The 
positive plate in the former is the peroxide plate (brown) and is 
that one from which the current flows out in discharging, 
whereas that would be the negative plate of a primary batteiy. 

The positive pole or terminal in a storage battery is an ex- 
tension of the positive plate, and is connected to the positive ter- 
minal of the dynamo in charging; consequently there is much 
less cause for confusion of terms than there is in the primary cell. 

It is well to test the polarity of each cell and of the circuit 
before making connections. This may be done with any form of pole 
tester, or by the positive expedient of dipping the two terminals in 
dilute sulphuric acid, the one from which the most bubbles arise 
being negative. The connections should be scraped clean and 
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screwed up very tight, being also coated with acid-proof paint to 
avoid corrosion. The most satisfactory way to connect up a cell is 
to weld or " burn " the positive terminal to the negative terminal 
of the next cell, though soldered connect:ons aie good. 

This soldering is done as follows : Two strips of lead and the 
terminals to be connected are very carefully cleansed; the lead 
strips are then clamped to the terminals, a mold placed around 
the joints and molten lead poured into it. 

The Electrolyte. Practice varies considerably as to the 
strength of solution to use. Chemically pure sulphuric acid is 
poured into water until its density becomes about 1.2, and then 
the mixture is allowed to cool before pouring it 
into the cells. The electrolyte should completely | 

cover the plates. Cells for vehicle work use an 
electrolyte with density as high as 1.3. It is im- Scafe 
portant to use perfectly pure acid and water, as 
impurities will cause local actions and ultimately 
destroy the plates. 

It is well to remember that water should 
never be poured into sulphuric acid, as it is likely T/oa/ 
to cause the liquid to be thrown out violently. 

The advantage of a strong solution is its lower \/\/eiq/fK 
resistance; but it is likely to produce the very 
objectionable effect of "sulphating." ^S- 12. The 

The density of the electrolyte falls immedi- 
ately after filling a cell, since some of the acid is taken up by the 
plates; but it rises again in charging; for example from 1.17 to 
1.2. It is convenient to keep a hydrometer in several cells to 
observe the density of the electrolyte, not only at the beginning, 
but as a permanent indicator of the amount of charge and general 
working conditions. 

The hydrometer is an instrument for determining the specific 
gravity of a liquid, and consists of a weighted bulb and an up- 
right glass rod, bearing a scale, the unit i)<)int being fixed by the 
distance to which it sinks in pure water at 4°C. Readings above 
this point are for solutions of lower specific gravity than water 
and those below it are for solutions of a higher specific gmvity. 
For storage batterj^ work the spiicific gravity of the electrolyte is 
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always between 1.1 and 1.3, hence we require only a certain por- 
tion of the scale as represented in Fig. 12. 

Chars^ins^. The charging should begin immediately after a 
new cell is filled with the electrolyte, otherwise the plates are 
likely to become "sulphated." The first charge differs from sub- 
sequent regular charges in that it should be at a rate (lower than 
normal) that will not cause the temperature of the cell to reach 
100°F, but in all other respects it is the same. 

Indications of Amount of Charg^e in a Storage Battery: 

1. The E. M. F. rises from 1.7 volts, which is the minimum 
value to which a lead cell should be discharged, to approximately 
2.5 volts when fully charged, although this value may be made a 
trifle higher or lower, depending upon the i*ate of charge and tem- 
perature of cell. The rise is quite gradual, but more rapid near 
the beginning and end of the charge, as indicated in Fig. 13. 
When the cell is fully charged, the E. M. F. becomes constant 
and the curve approaches a horizontal line as shown. The charg- 
ing should then be stopped as any more energy passed through 
the cell is simply wasted in producing gases. The external volt- 
age is higher in charging than in discharging because of the 
internal resistance of the cell and resulting C R drop, which 
must be overcome in charging. 

The measurements of voltage should always be made when 
the current is flowing either in charging or discharging. 

The E. M. F. on open circuit has little practical significance. 

2. If a record is kept of the exact number of ampere hours 
of charge and discharge, the actual amount of energy in the bat- 
tery at any time is known, due allowance being made for leakage 
and other losses. For this purpose any integrating instrument 
such as the Thompson recording wattmeter may be used. 

3. The density of the electrolyte gradually rises during the 
charging operation. Fig. 13 ; the density when charged being 
about .025 higher than when discharged. There is a lag in the 
change of the density of the electrolyte, the acid not being ab- 
sprbed or given off at once by the plates, hence a little time should 
be allowed before taking any hydrometer reading as final. 

4. Bitbhles of gas are given off freely when the battery is 
fully charged, since the material of the plates is then no longer 
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able to take up the oxygen and hydrogen which tend to be set 
free by the electrolysis ; these bubbles give the electrolyte the ap- 
pearance of boiling, and often they are so fine that tlie liquid 
looks almost milky white, particularly in a cell whicli has not 
been very long in use. 

5. The color of the positive plates varies from a light brown 
on active jmrts to a cliocolate color when fully charged, and to 
nearly black when overcharged. The negatives vary from pale 




Fig. 18. Curves Showing Yariations in Sp. Grav. and Voltage in a Stor- 
age Battery During Charge. 

to dark slate color, but they always differ in color from the posi- 
tives. This indication of the amount of charge is acquired by ex- 
perience, but is quite definite after one becomes familiar with a 
particular battery. 

6. Cadmium Test. The apparatus for making this test con- 
sists of a small piece of cadmium, say |" x |" x -^^'^ mounted as in 
Fig. 14. A glass tube contains the conducting wire, wax bein;^' 
used to protect the soldered joint of copper and cadmium. Cad- 
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mi urn is used because it will give reliable readings of the E. M. F. 
of the positive and the negative plates, with respect to itself. In 
this way a relative condition of the battery and also of each plate 
can be determined. 

With normal conditions of cell, when fully charged and in 
open circuit, the difference of potential between the positive and 
the cadmium piece is 2.5 volts or nearly so, and between the cad- 
mium and the negative plate is zero or nearly so. In fact it is 
sufficient if the sum of the readings is about 2.5 volts. 

To avoid false conclusions in making a cadmium test, hydrom- 
eter, temperature and charge data should be 
noted. The cadmium test is usually made at 
the center of the cell to get a uniform current 
distribution. This test gives readings the sum 
of which is less than 2.50 volts, when hydrom- 
eter tests, temperature and charge data show 
that the cell is not fully charged; but if the 
hydrometer, temperature, and other data show 
the charge to be completed, and the cadmium 
gives .1 volt or more below 2.5 volts, the defec- 
tive plate is readily determined by individual 
cadmium readings. For example, suppose we 
have a cell in which all conditions tend to show 
full charge but the potential difference is low. 
A cadmium test is taken and whichever plate 
shows the falling off from normal reading, that 
plate is the defective one, and should be exam- 
ined for some of the troubles that will be discussed later. 

In some cases the cadmium reading with respect to both 
plates may approach zero ; this is caused by a short circuit in the 
cell which should be found and removed immediately. 

In practice it is advisable to have the cadmium wet before the 
test is made as the readings increase when cadmium is first placed in 
the electrolyte. The simplest way to accomplish this is to keep the 
cadmium tester in a beaker of distilled water when not in use. All 
foreign matter should be carefully removed from the cadmium as 
it might affect the results. If gas bubbles collect on the cadmium 
they should be taken off, as they tend to lower the readings. 
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Fig. 14. The 
Cadmium Tester. 
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The proper rate of charge depends upon the size and type of 
cell, and is usually specified by the manufacturer in each case, 
since it is merely an empirical fact, being determined by the con- 
struction of the plates. 

The current for charging is ordinarily obtained from a direct 
current dynamo, but any other direct current source may be em- 
ployed. The potential required for charging must exceed that of 
the battery, which, during the operation acts as a counter E. MF^ 

p g 

the expression being I = , in which I is the current, P the 

R 

potential applied to battery terminals, e the counter E. M. F., and 

R the internal resistance of the cell. Usually P is 5 to 10 per 
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Fig. 15. Curve Showing Increase of E.M.F. in a Charging Cell. 

cent greater than e^ in order to cause the necessary charging cur- 
rent to flow tlirough the resistance R of the cell. 

In practice P is regulated until the required charging current 
I is obtained. 

p ^ 

The above equation, put into form of R = — - — , enables the 

Jntemal resistance R to be calculated, but as this varies consid- 
erably with the temperature, and with different states of charge, 
its exact value is not often considered. 

Another form of the above equation, ^ r=: P — IR, shows that 
the true E. M. F. of the battery is less than the charging voltage 
by an amount equal to the product of the charging current and 
the internal resistance. Conversely, in discharging, the t/^^^ 



ti8 STOUAGE liATTElilES. 

E. M. F. of cell is greater than the difference of potential P be- 
tween its terminals by the same amount, that is, e = P — IR. 
Hence it is necess iiy to know I and R, or to measure the voltage 
when the circuit is open (in which casj 1=0), in order to find 
the real E. M. F. of cell. This applies to each individual cell as 
well iis to the entire battery, and is important m determining the 
amount of charge or working condition of a particular cell. 

If the charging voltage P be kept constant, it is evident from 
the above eqiitations that the current I will gradually decrease, 
since the C. E. M. F. or e of the cell steadily rises as shown in 
Fig. 15. This effect is counteracted somewhat by the fact that 
the intern. il resistance R also diminishes, owing to the density of 
the electrolyte increiusing. This gradual reduction in the strength 
of the charging current is considered desirable by some authori- 
ties, since it enables the cell to take a greater charge than if the 
current were maintained at full strength. On the other hand, 
this diminishing charge makes it difficult to keep account of the 
exact number of ampere hours supplied to the cell ; hence in ordi- 
nary commercial work it is considered simpler to charge with a 
constant current, and if it is desired to keep the cell temperatui-e 
down, the current is decreased near the end of the charge. The 
charging operation may be continued until the battery is fully 
charged as shown by the indications already stated. Since most 
types of cells are not injured by a slight overcharging at a moder- 
ate rate it may even be carried a little beyond the charged point, 
as it tends to remove " sulphating." A considerable overcliarge 
should be avoided as it causes excessive formation of gas bubbles 
in the active materials, is likely to heat the cell and even cause 
disintegration and buckling of the plates. 

Dischargins:* A storage battery is in most cases discharged 
within a few hours after being charged, as, for example, in 'electric 
lighting, when the engine and dynamo are run during the day for 
charging the battery which supplies current to the lamps during 
the night. But a portable battery for feeding lamps might be 
required to retain its charge for several days. A certain loss of 
charge occurs in any battery, amounting to about 26 per cent in one 
week, but for one day or less it is quite small. 

Even when the discbarge occurs immediately, the average 
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voluige and the ampere-hours obtained are less than for the charge, 
as explained under " Efficiency." The loss referred to is additional, 
depending upon the time. 

The operation of discharging is naturally the converse of 
charging, the changes which have been described as occurring in 
the latter take place also in the former, but in the revei*se order. 
The normal rate of discharging is usually equal to that of charging, 
but may be somewhat greater. In some cases it is necessary to 
discharge at higher rates, but by so doing a percentage of the 
capacity in ampere-hours is sacrificed. 

For example, a cell whose normal or eight-hour discharge 
rate is 100 amperes, can easily be discharged at 400 amperes for 
one hour, but only 50 per cent of the cell's capacity in ampere- 
hours is obtained at the latter rate. 

An excessive discharge rate is injurious to most types of 
storage battery plates since it tends to Kiisintegrate the plates, and 
abnormally heats the electrolyte, which hastens the disintegration; 
it is therefore advisable to protect the battery with fuses or an 
automatic circuit breaker. 

A storage battery should never he discharged completely^ as it 
is very likely to become '' sulphated," or otherwise injured ; and 
moreover the E. M. F. falls so rapidly towards the end of dis- 
charge that the current would be of no practical value. The limit 
of discharge is usually considered to be the point at which the 
E. M. F. drops to 1.75 volts, though when cells are used at the 
one-hour rate the limit of discharge is 1.6 volts. 

The charge usually left in a storage battery is from 10 to 30 
per cent of the total capacity, depending on the rate of discharge, 
but this involves no considerable loss of energy or efficiency, since 
it remains in the battery each time and the charging begins at 
that point 

The Efficiency of Storage Batteries. The efficiency of any 
apparatus is the ratio between what it gives out and that which 
it consumes. In a storage battery it is the ratio of the amount of 
discharge to what is put in to bring the battery back to its original 
condition after a discharge. While this seems extremely simple 
and definite there are several opportunities for confusion or quib- 
ble when applied to a secondary battery. 
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In the first place, the " ampere efficiency " or more properly 
the 'Sampere-hour efficiency" which is the ratio of current in 
ampere-hours drawn from the battery to current in ampere-hours 
put into the battery is quite different from the watt-hour efficiency. 
The latter is the real efficiency, since it considers the enei-gy, and 
includes the voltage as well as the ampere-houra. Ampere efficiency 
may be scientifically interesting as showing the action of a battery ; 
but it is not of much commercial importance. This is likely to be 
used either through ignorance or intention to give a false idea 
since the ampere efficiency is often 15 per cent higher than the 
watt efficiency. 

Another difficulty with the ampere efficiency is the fact that 
it is possible to obtain an apparent efficiency of over 100 per cent 
from a storage battery. Since a certain amount (about 25 per 
cent) of charge is always left in the cell, it is possible to draw 
apparently moie ampere-hours of current than were put in it, by 
simply discharging the cell more than usual. 

This matter has been investigated by Ayrton, who states : 

" If an E. P. S. accumulator be over and over again carried 
around the cycle of being charged up to 2.4 volts, and discharged 
down to 1.8 per cell, the charging and discharging currents being 
the maximum allowed by the makers, viz., .026 ampere per square 
inch of surface in charging, and .029 ampere per square inch in 
discharging, the working efficiency thus obtained may be 97 per 
cent for the ampere-hours, and 87 per cent for the watt-hours. If, 
on the contrary, the cell be constantly charged up before be- 
ing tested, then for the first few charges and discharges between 
the above limits, and with the same current density in charging 
and discharging, even the energy efficiency may be as high as 93 
per cent ; whereas if the accumulator has been left for some weeks, 
then, although it was left charged, the energy efficiency for the 
first few charges and discharges will be as low as 70 per cent." 

In general practice it has been found that the efficiency of 
storage battery plants, when in good condition, varies from 75 to 
80 per cent. For instance, referring to the battery plant at the 
Edison Electric Company station in Boston, a series of tests made 
there shows the battery installation to hare an efficiency of 75 
per cent. 
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Depreciation of Accumulators. The depreciation is claimed 
to be as low as 5 per cent per annum ; in fact both the Tudor and 
Chloride battery installations at the Boston Edison Company's 
plants are insured and kept in repairs by the makers for 4 per cent 
per annum of their total original cost. This figure is as low as 
the maintenance of the very best steam or electrical machinery. 
One of the largest electrical manufacturing companies in this 
country has in use a storage battery equipment which, for the past 
eight years, has not cost a cent in the way of repairs to, or renew- 
als of, plates. On the other hand, the life of storage batteries in 
traction or automobile work has in some instances not exceeded 
six months, though it is claimed that these cells were only in an 
experimental stage. One must be somewhat guarded, however, 
in accepting low figures of this kind since from their nature the 
plates are very easily injured and difficult to rep lir. It would be 
very unwise for any one to purchase a battery without the makers' 
guamntee, to allow less than 10 per cent for its annual deprecia- 
tion, and this does not include interest, taxes, or other fixed 
charges. 

It has been the practice of several storage battery manufac- 
turers to insure their battery equipments for 6 per cent per annum 
of their first total cost. This insurance is a maintenance con- 
tract calling for inspection and any repairs necessitated through 
normal use of cells. 

TROUBLES AND REilEDieS. 

The most serious troubles which occur in storage batteries are 
sulphating, buckling, disintegration and short circuiting of the 
plates. These can usually be avoided, or cured by proper treat- 
ment if they have not gone too far. 

5ulpliating. The normal chemical reaction which takes 
place in storage batteries is supposed to produce lead sulphate 
(PbS04) on both plates when they are discharged, their color be- 
ing usually liglit brown and gray, due to presence of the PbO, 
still on the positive plate. But under certain circumstances a 
whitish scale forms on the plates, probably consisting of Pbj SOs. 
Plates thus coated are said to be "sulphated." This term is, 
therefore, somewhat ambiguous, since the formation of a ceilain 
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proportion of ordinary lead sulphate (PbSO*) is perfectly legiti- 
mate, but the word has acquired a special significance in this con- 
nection. 

A plate is inactive, and practically incapable of being charged, 
when it is covered with this white coating or sulphate, as it is a 
non-conductor. 

The conditions under which this objeccionable sulphating is 
likely to occur are as follows : 

(a.) A storage battery may be overdischarged, that is, run 
below the limits of voltage specified, and left in that condition for 
several hours. 

(6.) A storage battery may be left discharged for some time, 
even though the limits have not been exceeded. 

(c.) The electrolyte may be too strong. 

(d.^ The electrolyte may be too hot (above 126^F). 

(«.) A short circuit may cause " sulphating *' because the 
cell becomes discharged (on open circuit) and when charging it 
receives only a low charge compared with the othor cells of the 
series. A battery may become overdischarged or remain dis- 
charged a long time on account of leakage of current due to defec- 
tive insulation of the cells or circuit, or the plates may become 
short-circuited by particles of the active or foreign substances fall- 
ing between them. 

Sulphating may be removed by carefully scraping the plates. 
The faulty cells should then be charged at a low rate (about one- 
half normal) for a long period. In this way, by fully charging 
and only partially discharging the cells for a number of times, the 
unhealthy sulphate is gradually eliminated. When the cells are 
only slightly sulphated, the latter treatment is sufficient without 
sci-aping; when the cells are very badly sulphated, the charge 
should be at about one-quarter the normal rate for three days. 

Adding to the electrolyte a small quantity of sodium sulphate, 
or carbonate, which latter is immediately converted into sodium 
sulphate, tends to hasten the cure of sulphated plates by decom- 
posing or dissolving the unhealthy sulphate. This is not often 
used in practice, as a cell must be emptied, thoroughly washed 
and fresh electrolyte added after the plates have been restoi'ed to 
their proper condition before the cell can be used to advantage. 
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Sulphating not only reduces the capacity of lead storage bat- 
teries, but also uses up the active material by forming a scale 
which falls off or has to be removed. It also produces the follow- 
ing trouble : 

Buckling, or warping of a plate, is caused by uneven action 
on the two surfaces ; for example, a patch of white sulphate on 
one side of a plate will prevent the action from taking place there, 
so that the expansion and contraction of the active material on the 
other side, which occurs in normal working, will cause the plate 
to buckle. This might be so serious that it would be impossible 
to stmighten the plate without breaking or cracking it; but, if 
taken in time, it may be accomplished by placing the warped plate 
between boards, and subjecting it to pressure iu a screw or lever 
press. Striking the plate is objectionable, because it cracks or 
loosens the active material ; but, if it should be necessary to 
straighten a plate in this way, a wooden mallet should be used 
very carefully, with flat boards laid under and over the plate. 
Buckling may be caused by an excessive rate of charging or dis- 
charging, as well as by sulphating. 

Disintegration. Some of the material may become loosened 
or entirely separated from the plates, as a result of various causes. 
The chief of these is sulphating, which forms scales or blisters 
that are likely to fall off, thus gradually reducing the amount of 
active material and the capacity of the cell. Buckling also tends 
to disintegrate the plates. Contraction and expansion of the 
active material may take place in normal working, and are in- 
creased by excessive rates or limits of charging and discharging. 
This constitutes another cause of disintegration, particularly in 
plates of the Faure type containing plugs or pellets of lead paste. 

The fragments wliich fall from the plates not only involve a 
loss of material, but are also likely to extend across or gather be- 
tween the plates, and cause a short circuit. 

The positive plates are far more susceptible to and injured by 
these troubles than the negatives. The former are also more ex- 
pensive to make, therefore it is to them that special attention 
should be directed in the management of storage batteries. 

Short Circuiting of cell may be caused by conditions pr^- 
viously stated aud also by the collection of sediment at the bottom 
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of the containing cell. The short circuiting caused by the drop- 
ping in of foreign matter, or the bridging of the active materials, 
is prevented by the use of glass, rubber or vooden separators. 

The short circuiting of plates by the formation of sediment 
is prevented, or the chances of it are decreased by raising the 
plates so that they clear the bottom of the containing cell. In 
small batteries this clearance is about an inch, in large cells it is 
considerable, being about 6 inches, and on account of the weight 
of large sized plates they are supported at the bottom by glass 
frames running lengthwise through tlie cell, as shown in Fig. 16. 

This sediment should be watched carefully and when it 
reaches a depth of 1 inch or more at the center of the cells, it 
should be removed. The usual method is to take out the plates, 
syphon the electrolyte off carefully, and then flush out the tanks 
until all the sediment is removed. If syphoning cannot be resorted 
to, due to absence of drop, a pump may be used, either of glass or 
of the bronze rotary type. 

Troubles from Acid Spray. An accumulator gives off occa- 
sional bubbles of gas at almost any time or condition ; but when 

nearly charged, the evolution becomes 
more rapid. These bubbles, as they 
break at the surface, throw minute par- 

1 C^ --- t ! 1 ^^^^^s ^^ ^^^^ ^^^^ ^'^^ ^^^' forming a fine 

f ^^^^ri i spray which floats about. This spray 

not only corrodes the metallic connec- 
tions and fittings in the battery room, 
but is also very irritating to the throat 
and lungs, causing an extremely disa- 
greeable cough. 

Glass covens are sometimes placed 
Fig. 16. Glass Frame Sup- over cells lo prevent the escape of fumes, 
port Used to Prevent Short ]jyxi this is not advisable as the glass be- 
Circuiting by Sediment. . , , .,, n i. j i. xu 

^ ^ comes moist and will collect dust, thus 

forming a conducting surface over the cell. 

Attempts have been made to do away with this spraying by 
placing an oil film (thin layer of oil) over the electrolyte, but 
this has the objection of interfering with hydrometers; in addition 
it sticks to the surface of the plates when they are removed, and 
interferes with their conduct! vitv on replacing them. 
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Another plan consists of spreading a layer of finely granu- 
lated cork over the surface of the liquid, but while this does not 
interfere with the hydrometer, it makes the cell look dirty. 

The general practice is to depend almost entirely upon venti- 
lation to get rid of the acid fumes, in fact, even forced ventilation 
is used. A blower forces fresh air into the room, which is pro- 
vided with a free exhaust. 

In connecting up the cells, it is advisable to use lead-covered 
copper cables, as this covering protects the copper, and prevents 
the formation and the dropping of copper salts into the cell. 

The Purity of the Electrolyte is very important, and great 
care should be taken to insure it. The electrolyte may have nitric 
acid present when " formed " (Plants) plates are used, and some 
chlorine, when " Chloride " negatives are used. In addition, iron 
may be present due to the water or acid ; if the sulphuric acid is 
made from iron pyrites ; it may also be present, owing to the cor- 
rosion of iron fittings near the cells, some of the scale falling into 
the electrolyte. Similarly some of the copper salt formed from 
the connections by this corrosive action may fall into the cell. 
Mercury may also be present due to the breakage of hydrometers 
or thermometers. 

Other foreign gubstance might be present, but those named 
are the most harmful. 

Nitric acid, even in exceedingly small quantities, will cause 
disintegration of plates, as the supporting material is destroyed. 

Chlorine has a similar effect. 

Iron, mercuiy and copper produce local action, and thus 
decrease the efficiency and ultimately the life of the cells. 

The electrolyte should be tested about once a week for these 
impurities, and if any of them are present, it should be drawn off 
and renewed. If nitric acid is present, it is even advisable to flush 
the cell with pure water. 
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TESTS. 

1. Test for Chlorine. To a sample of electrolyte in a test 
tube, add a few drops of silver nitrate solution ; if a curdy white 
precipitate forms, an excess of ammonia is added, and if this dis- 
solves the precipitate, chlorine is present in some form. 

2. Test for Iron. Iron may appear in one of two forms, 
namely, ferrous or ferric salts. A small sample is taken and some 
concentrated hydrochloric acid added and then some potassium 
ferric cyanide ; if a heavy blue precipitate forms, ferrous iron is 
present ; if in very minute quantities, a deep blue green discolora- 
tion results. 

3. Test for Ferric Salts. To a sample add some ammonium 
thio-sulphate ; if a blood red solution or precipitate is the result, 
ferric iron salts are present. 

4. Test for Copper. To a sample of electrolyte an excess 
of ammonium hydrate is added; if a rich blue solution is the 
result, copper is piesent. It is advisable to check the test by 
taking another sample and adding some potassium hydrate to it; 
if a blue precipitate is found which turns black upon boiling, it is 
additional proof of the presence of copper. 

5. Nitric Acid being injurious even in very small quantities, 
it is advisable to make the following test, ^ich is very sensitive. 
Some diphenylamine in concentrated sulphuric acid is added to 
the sample ; if a deep blue color is the result, nitrates or nitrites 
are present. 

6. Test for ITercury . Mercury may be present in two forms, 
mercurous or mercuric compounds. The mercurous compounds 
give a black precipitate with lime water, and a greenish precipi- 
tate with potassium iodide. 

The mercuric compounds give a yellow precipitate with lime 
water, and a red or scarlet precipitate with potassium iodide. 

On account of possible difficulties with these various impurities 
the following is reconnnended : 

1 . Test every carboy of sulphuric acid before using. 

2. Concentrated sulphuric acid should not be kept around, as 
it may l)e used by mistake, which would ruin the plates. 

3. Only distilled water from carboys should be used and not 
from barrels, as it may be contaminated ffp):p tb§ efganic material 
of tb© t>arre)9, 
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4. Water from the city mains is never to be used unless the 
amount of iron it contains is very small. 

5. When testing with hydrometer for acid strength (specific 
gravity) the battery should be fully charged and tests always made 
at the same temperature. 

Putting: the Battery out of Commission. If, for any reason, 
the battery is to be but occasionally used, or the discharge is to be 
at a very low rate, a weekly freshening charge to full capacity at 
normal rate should be given. 

It frequently happens in practice that a storage battery equip- 
ment is put out of commission for a lengthy period, (for instance, 
in most summer or winter resorts the battery may be used for one 
half of the year only). In such cases the procedure is as follows : 
First give the battery a complete charge at normal rate, then 
syphon off the electrolyte into carefully cleaned carboys (as it 
may be used again), and as each cell is emptied, immediately refill 
it with pure water. When the acid has been drawn from all cells 
and replaced with water, begin discharging the battery and con- 
tinue until the voltage falls to or below one volt per cell at normal 
load (rate) ; when this point has been reached the water should be 
drawn off. In this condition the battery may stand without 
further attention until it is to be again put into service, and to do 
this proceed in the same manner as when the battery was origi- 
nally put into use. 

If during the discharge, when the water has leplaced the 
electrolyte, the battery shows a tendency to get hot (100°F,) add 
colder water. 

Commercial Application. The function of a storage battery 
is to receive electrical energy at one time or place, and to give i*^^ 
out at some other time or place. 

The principal uses are the following : 

1. To furnishh4)ortable electrical apparatus with power. 

2. To make up for fluctuations, and thus steady the volt- 
age and current. 

3. To furnish energy during certain hours of the day or 
night, and thus enable the generating machinery to be stopped. 

4. To aid the generating plant in carrying tlie maximum 
loa4 (peak) which usually exists for mly m bour pr twQ, 
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6. To make the load on engines or prime movers more 
uniform, by charging the battery when the load is light. 

6. To transform from a higher to a lower potential by 
charging the cells in series, and discharging them in parallel, or 
vice-versa. 

7. To subdivide the voltage, and enable a three or a five 
wire system to be operated from a single generator. 




Fig. 17. Gould Portable Storage Battery. 

8. To supply current from local centers or substationa, 

9, To supply current to electrically driven vehicles. 
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10. As sources of current in telephone and telegraph 
systems. 

11. For car lighting purposes. 

12. As sources of constant potential and current in elec- 
trical laboratories. 

Portable Storage Batteries. The storage battery is practi- 
cally the only means of supply for portable electric lamps, or 
those not connected to a dynamo even when they are not portable. 
The primary batteiy is expensive and troublesome to operate ; and 
has never been commercially successful for electric lighting or 
power, except where only a very small amount is required. Nor 
is there any other satisfactory primary source of electrical energy 
except the dynamo driven by mechanical power. It is therefore 
practically essentipJ to adopt storage batteries wherever portable 
electric motors, lamps, etc., are used. 

The various manufacturers furnish portable forms of storage 
batteries : for example, the Gould Storage Battery Company's 
portable battery (Fig. 17) is arranged in a case made as a hard 
rubber jar, lead-lined box or glazed earthenware jar, over which is 
placed a rubber gasket, and then a wooden cover clamped in place 
by U shaped straps, passing around the containing vessel. For 
ventilation in charging, the cover has threaded holes which, when 
the battery is in use, are closed with hard rubber stoppers. The 
usual number of cells in a case is from one to five, although 
they are made up in larger numbers if desired. The batteries 
are rated at 2 volts per cell. 

A serious objection to portable storage batteries is their 
great weight. For example, a standard size weighing 100 lbs. 
yields 5 amperes at ten volts, or fifty watts for ten hours : just 
enough to feed a 16 C. P. lamp. The total discharge is 500 
watts-hours or two thirds of one H. P.-hour. The special forms of 
battery used in automobiles give about twice this output for the 
same weight. 

This weight is almost prohibitive to portability except for 
automobiles, railway train lighting and special purposes. 

Portable batteries, for example, are used for feeding small 
motors, lamps etc. for medical or dental purposes, in which cases 
their weight is not a serious difficulty in view of the importance 
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of the work, and the small amount of energy required. Another 
special field for very small batteries is the theatrical application 
for which they are carried by the performed. Storage batteries 
are also being extensively used as source of power to drive small 
fan and kinetoscope motors. 

Storage Batteries for Preventing Fluctuations due to un- 
steadiness in the driving-power or in the load, as with elevators, 
are often applied successfully. A dynamo driven by a gas-engine, 
for example, may vary periodically in speed because of the explo- 
sive action of the gas in the cylinder ; and a battery connected in 
parallel with the dynamo will have the effect of steadying the 
voltage. A storage batteiy is generally installed in connection 
with a small gas or steam engine lighting plant to enable the 
engine to be stopped for a considerable portion of the time, and 
thus save labor and attention, in which case the battery may also 
act to prevent fluctuations. A \vindmill electric-lighting plant 
must have an accumulator or some other means of storing energy, 
not only to eliminate fluctuations in speed which are continually 
occurring, but also to bridge over the considerable periods of calm 
weather. 

To Furnish Energy During Certain Portions of the Day 
or Night. In almost every electric-lighting plant, there are long 
periods during the day and late at night when the number of 
lamps lighted is so small that it may not pay to run the generat- 
ing machinery. 

For example. Fig. 18 is a load diagram showing the weekly 
output of the electric plant of the Astor Building in New 
York City. The generator plant runs from 3 A.M. to 8 P.M. each 
day, the battery being charged from 3 A.M. to 11 A.M.; and 
when the generating plant is shut down at 8 P.M. the battery 
carries the entire load from then until 3 A.M., when the plant is 
started up again. Saturday nights the plant is shut down at 
eight o'clock, and the battery furnishes all the power required 
from then until Monday morning at 3. This enables the plant to 
be operated by two gangs or shifts ; practically no labor being re- 
quired for the remaining seven hours as the battery carries the 
load, and the machinery is stopped entirely all day Sunday, giving 
a stretch of thirty-one hours once a week and seven hours each 



STORAGE BATTERIES. 



41 



night for cleaning and repaii-s. 
In a hotel, residence or on board 
a yacht, it may be desirable to 
stop the machinery and avoid 
the vibration and noise during 
the night. 

Storage Batteries to Aid 
In Carrying the flaximum 
Load. Assume in the case of 
the load diagram shown in Fig. 
19, that the generating machin- 
ery is capable of supplying 
8,000 kilowatts and that a stor- 
age battery is used to furnish 
the remaining 3,600 kilowatts 
at the time of maximum load, 
that is, the '' peak " of the load 
diagram. This simply means 
that batteries are substituted 
for a certain portion of the 
machinery plant, and the ques- 
tion is whether or not the sub- 
stitution is of any advantage. 

The first cost of a battery 
for a given rate of output de- 
pends simply upon the time 
of discharge. Batteries usually 
have a normal period of dis- 
charge of about 8 hours, at 
which rate the price of accumu- 
lators to furnish a given number 
of watts would be 3 to 5 times 
as great as that of the equiva- 
lent boilers, engines and dyna- 
mos combined, but if the time of 
discharge is reduced to about 2 
or 3 houi-s, the costs are about 
equal and with a still higher rate 
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the cost of batteries would be less. 
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As a matter of fact, the siojage battery secures other advan- 
tcages so that the total gain may be veiy important. For example, 
lliere is a reserve supply in case of accident and the load may be 
made more uniform as will now be explained. 

Storage Batteries to Maintain Uniform Load on Engines- 
Steam engines are very inefficient at light loads, and this fact 
often causes serious losses especially in electric-lighting plants. 
Judicious selection of the number and sizes of the engines enable 
them to be worked in most cases at a considerable fraction of 
their full capacity nearly all of the time. Nevertheless, the stor- 
age battery gives greater flexibility to the plant, and renders it 
easy to increase the economy of the engines by making their loads 
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Fig. 19. Load Curve Showing " Peak " of Load Carried by Storage Battery. 



Z 4' 
AM 



still more uniform, and nearer to their full capacities while they 
are running. The engines can be made to have a uniform full 
load, the battery being charged when the external load is light, 
and the battery taking the peak of the load when it is heavy. 

Storage Batteries Used as Transformers. If the cells of a 
battery are arranged in series while being charged, and in parallel 
for discharging, a high voltage will be required for charging, and a 
low voltage will be given out. The amounts of energy measured 
in watt hours are the same, less the loss of about 25 per cent 
which always occurs in accumulators ; the result is similar to that 
obtained by an alternating cuixent transformer or motor-dynamo 
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but is less efficient. As an example the equipment used at the 
Brooklyn Navy Yard may be mentioned. It consists of about 250 
small cells connected up in series parallel of 5 sets of 50 cells 
each and charged on a 110 volt circuit. When discharged they 
are connected up all in series and give about 500 volts but with 
very small current. This equipment is used to furnish 500 volts 
for the ''insulation test" of cables and therefore requires little or 
no current. 

Storage Batteries Used for Subdividing Voltage. The 
most important practical case is that in which a dynamo of 220 
volts charges a battery of corresponding potential, a three wire 
system being supplied from the battery, the neutral wire of which 
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Fig. 20. Battery used to Sub-divide Voltage. 

is connected to the middle point of the battery as represented in 
Fig. 20. This arrangement avoids the necessity of running two 
dynamos, and allows the battery to be placed in a sub-station near 
the district to be supplied, so that it is only necessary to run two 
conductors to that point instead of three. The same principle may 
be applied to the five -wire system. 

The Hartford Electric Light Company was one of the first in 
this country to introduce the modern method of high tension 
transmission, with low-tension 3 wire distribution. 

The auxiliary battery used in connection with this equip- 
ment consists of 130 Chloride Accumulators (65 on a side) each 
cell containing 31 negatives and 30 positive plates, each 16i'' x 
31 '^j placed in lead lined tanks measuring 58J x 21 J x \Z\ inches. 
Fig. 21 is a diagram showing the general plan of the system. 
The power is transmitted 10.8 miles from the Farmington River 
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Power Station to the Pearl Street Station, in Hartford, by means 
of step-up transformers, a ten thousand volt transmission line, and 
step-down transformers for distribution. From Pearl Street 
Station to State Street, a distance of three thousand feet, the cur- 
rent is transmitted at twenty-four liundred volts, at which latter 
point, by means of step-down transformers and rotary converter, 
the storage battery is charged and the current distributed over a 
low tension three wire system. 
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Fig. 21. Plan of the Farmington River — Hartford Distribution System. 



Storage Battery for Sub-Stations. The plan of installing 
battery plants at local centers, which are charged from the main 
station, enables some of the conductors to be saved in a three (or 
five) wire system, as already stated. It also makes it possible to 
reduce the size of these conductors, because the current which 
flows over them can be kept practically constant, so that it is not 
necessary to have them large enough to carry the maximum ciu> 
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rent consumed by the lamps, etc. which may be several times its 
average value. The generating machinery has the same steady 
load as if the battery were located near it. 

The batteries at the various sub-stations may be connected 
and charged in series or in parallel. The former plan would 
recjuire far less copper in the conductors since the voltage is mul- 
tiplied by the number of batteries in series, and the current is the 
same as for a single battery. On the other hand, this great dif- 
ference of potential would exist between the first and the last bat- 
teries of the series and if either of these became grounded, any 
person connected to the earth and touching a wire supplied by the 
other battery would receive a shock due to the total voltage. 

An excellent example of the storage battery substation is the 
Bowling Green Plant of the New York Edison Company the de- 
scription of which is as follows : The Bowling Green Station fur- 
nishes an auxiliary supply of current directly from the battery, 
enabling the feedei-s, extended as tie feeders into the Bowling 
Green building, to be used as distributing feeders to the system 
from both the Duane Street and Bowling Green Stations. While 
acting as an auxiliary supply to the general system, the battery 
also takes care of the distribution of current to the extensive in- 
stallation in the Bowling Green Building itself. The supply of 
current to charge the battery is taken from the Duane Street 
Station, about a mile distant, over four tie feeders equipped with 
controllable disconnective switch boxes on the Bowker-Van Vleck 
system. This enables them to be used as tie feeders by discon- 
necting them from the general system during the hours of light 
load, and as distributing-feeders during the hours of maximum 
load, when they feed current into tlie system from each end. A 
considerable saving is thus effected iu the investment because 
costly feeders are not required to supply the maximum load to a 
distant part of the system. 

This installation of an auxiliary source of current supply in 
the lower district makes it possible to shut down the generators 
in the Duane Street Station during the hours of minimum load, 
the supply of current to the district below 8th Street being de- 
rived from the batter;- plants at Bowling Green and 12th Street 
Stations, supplemented, if desired, by the supply of current from 
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the 26th Street Otation over the tie lines to 12th Street Station, 
whence the current is distnbuted through boosters raising it to 
the required potential, over the tie feeders to the Duane Street 
Station switch board. The battery and operating rooms of the 
Bowling Green Station are located in the sub-basement of the 
Bowling Green Office Building. Vitrified hollow tile for con- 
ducting the feeder cables are laid under the battery room floor, 
which consists of glazed white tile. Drains to carry oflf the 
water or acid run in the aisles between the cells and lead to small 
cesspools which discharge into a lead drain pipe. 

The battery consists of 150 Chloride cells, seventy-five in 
series on each side of the three wire system. The cells consist of 
wooden tanks, 40i by 21 J by 30| inches, treated with an acid 
proof paint and lead lined, each containing 14 positive and 15 
negative plates 15^ inches wide by 31 inches high. Each tank is 
supported on four petticoat porcelain insulators resting upon 
6-inch glazed tiles. 

The plates are suspended in the tanks by shoulders resting 
upon sheets of heavy glass, which stand upon lead saddles in the 
bottoms of the tanks. The cells are connected by welding the 
plate terminals to lead bus bars, no mechanical connections being 
used. 

Twenty of the end cells on each side of the system are used 
for regulating ; being separately connected to contact points on 
the regulating switches, which carry movable contacts operated by 
a screw. The potential is raised or lowered by cutting in or cut- 
ting out the regulating cells. Two regulating switches are con- 
nected in multiple on the positive and two on the negative sides to 
permit of discharge at two potentials, or to enable the battery to 
be charged and discharged simultaneously. The conductors be- 
tween each series of cells, and between the regulating cells and 
the regulating switches, consist of copper bars 3 inches wide by J 
inch thick. These bars are supported on porcelain insulators 
resting in hangers. 

The connections of this equipment are shown in Fig. 22. 

The capacities of the battery at various rates of discharge are: 

2000 amperes per side for 1 hour. 
1000 amperes per side for 3 hours. 
400 amperes per side for 10 hours. 
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Provision has been made in the battery-room for the. installa- 
tion of a duplicate battery, which can be placed over the present 
plant. The booster is used to raise the voltage from that of the 
system to that required for charging the battery. The booster 
can be used also to raise the voltage of discharge for feeding some 
distant point of the system at a higlier potential than would be 
normally required. The machine consists of one positive and one 
negative dynamo at each end of a common shaft driven by two 




Fig. 22. Connections of the Bowling Green Storage Battery Sub-station. 

motors. Each dynamo has a capacity of 1200 amperes and a range 
of pressure up to 60 volts. 

Storage Batteries Used for Two or More of the Above- 
named Purposes. Eacli of the different uses has been considered 
separately to avoid confusion, but in most cases tlie storage bat- 
tery is adopted in order to secure several advantages. By thus 
combining different applications the plant is rendered not only 
more economicil, but also mon^ flexible. For exam[)le, the bat- 
tery may be utilized to help out the generating machinery at 
times of h(»avy load, or when the latter is partially or wholly dis- 
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abled. It often happens that it is difficult to produce or main- 
tain sufficient steam-pressure, owing to poor di-aft or other condi- 
tions, in which event a battery enables the boilers to be tempora- 
rily relieved of some or all of the drain upon them while the 
pressure is being mised to the proper point. It may also be 
necessary or desirable to shut down the machinery or a portion of 
it, temporarily, in order to make some repair or adjustment. It is 
also possible to feed some of the circuits from the battery while 
the others may be supplied at a higher or lower voltage by the 
machinery. In these and many other ways the storage battery may 
be a convenient adjunct to an electrical system. The fact that it 
is so radically different from the machinery in its nature and 
action makes it very unlikely that the entire plant will be crip- 
pled at any one time, since the two sources of current are not ex- 
posed to the same dangers. An accident to the steam-piping, for 
instance, might shut down all the machinery, but probably it 
would not affect the battery ; and, vice-versa, an accident to the 
latter is not likely to extend to the former. 

As an example of this application of the storage battery to 
several purposes, the following case ma}^ be cited : 

The installation of storage batteries at the power house of 
the Woronoco Street Railway Company, in Westfield, Mass., pre- 
sents features of special interest. After considering various 
methods of increasing the power-house capacity, rendered neces- 
sary by the construction of an extension of the line, it was 
decided that the storage battery offered the greatest advantages. 

The station equipment consists of two 75-KW. multipolar 
generatoi-s belted to two 120 H.P. high-speed, simple, non-con- 
densing engines, steam being furnished by two 90 H.P. return 
tubular boilers. 

The battery consists of 264 cells of the " Chloride Accumu- 
lator," Type F-11, in glass jai-s of Type F-13, permitting an in- 
crease of 20 per cent by the addition of one pair of plates in each 
cell, and is installed in a small brick extension to the power house. 
The cells are located in one tier, each cell being supported on a 
sand tray resting on four glass insulators. The foundation for 
each row of cells consists of two stringers of wood suitably 
braced and supported on brick piers. This battery was not in- 





Date, 1899. 


Lbs. coal. 


Output 
kw.-hrs. 


With battery 
Without battery 


Oct. 25-27 
Oct. 28 


16,250 
6,250 


3,032 

981 
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stalled as a voltage regulator, the feeder system being so designed 
that the drop on the line is only a small amount. 

By means of ths battery the load on the machinery is re- 
duced within the capacity of one unit, leaving the second one as 
a reserve in case of an accident or an unusunlly heavy load. 
Without the battery both machines would be needed nearly all the 
time. 

The economy of operation, due to using one unit instead of 
two, is clearly shown by the following station records. 

Lbs. coal, 
per kw.-hr. 

5.36 
6.37 

This shows an increase in the coal consumption of 19 per 
cent, on the day when the operation of the battery was discon- 
tinued. The plant is also noteworthy from the fact that the 
station attendance is reduced to one man per shift, the engineer 
doing his own firing. This arrangement could not have been con- 
tinued under the conditions of increased load, had it not been for 
the improved regulation and reduction of coal handling, and espe- 
cially the increased reliability of operation secured by the battery. 

On several occasions the battery has been called upon to 
Carry the entire load of the system for an hour or so, during a 
temporary shut-down of the rest of the plant, as well as early in 
the morning or late at night, when only one or two cars are in 
operation. 

Storage Batteries for Propelling Vehicles and Boats. The 
storage battery is usually about 35 per cent of the total weight in 
the modem electric automobile, and even with this great propor- 
tion, the distance run on one charge is seldom more than from 20 to 40 
miles at a speed of about ten miles per hour, and that only on 
comparatively smooth roads. The ordinary battery equipment 
consists of about 44 cells of 108 ampere-hours capacity with an 
average discharge voltage of about 1.9. 

In cities or where the roads are good, with charging stations 
close at hand, the electric automobile is superior to the gasoline 
types, on account of the absence of ex{)losive vapors, with the ac- 
companying odor and noise. I>ut for general touring they are not 
as handy on account of the limited capacity of the battery. 
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The application of the storage battery to the street car, while 
presenting such great advantages as the entire absence of poles 
and overhead wires, has not been a commercial success, mainly on 
account of the mechanical weakness of the plates, which are not 
able to stand the jolting and jarring or the rush of current due to 
frequent starts and stops. Another objectionable feature and one 
that caused trouble in New York City on the 84th Street crosstown 
line, is the escape of acid fumes into the car, producing throat ir- 
ritations and coughs among the passengera. 

The storage battery has been comparatively successful as a 
source of power in submarine boats, being charged while the ves- 
sel is on the surface, and discharged to run electric motora and 
lights when the vessel is manoeuvering under the surface. 

Storage Batteries in Telephone and Telegraph Systems. 
Since the adoption of the central battery systems by telephone 
companies, the use of the storage battery for this purpose has 
become very common, its advantages over the primary cell being 
as follows : Lower first cost, smaller space required (about \ of 
that occupied by an equivalent primary battery), greater constancy 
of E. M. F. and lower internal resistance, absence of the annoy- 
ing " creeping salts," and rapidity of recharge. The cost of stor- 
age battery maintenance is about ^ that of the primary cell. 

In telephone work, the battery is installed in the district sta- 
tion, and charged when the line is not in use, from either a street 
connection or a generator in the station. When the line is in use 
for conversation, the charging current is automatically cut off, and 
the battery alone switched into sei-vice. 

The storage battery in telephone work has become so impor- 
tant that the following description of a typical installation is given. 

In the Filbert Street Exchange of the Philadelphia Bell Tele- 
phone Company there are two generating imits, forming a dupli- 
cate plant, each consisting of one engine, directly connected to a 
30 K. W., 110 volt dynamo. These machines are run on alternate 
days and are used for lighting the building and for furnishing 
power at 110 volts to various motor generators. The latter com- 
prise two 1.5 K. W. machines for charging a 20-volt battery, one 
1.5 K. W. machine for charging an 8-volt battery; one 500-watt 
machine for charp^ing a 4-volt battery, and two ^ H. P. 75-volt 
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alternating current motor -dynamos for ringing call bells. Only 
one machine is installed for the 8-volt battery and one for the 4- 
volt battery. Both batteries are in duplicate. To avoid a possible 
break down, a rheostat is furnished, so that the batteries of lower 
voltage can be charged from batteries or motor-generators of 
higher voltage. All machines are protected by automatic cut- 
outs. 

The 20-volt battery consists of ten " Chloride Accumulators '* 
having a capacity of about 1,000 ampere-hours, which furnish all 
the current needed by the subscribers for talking and for calling 
up the central office. The 8-volt batteries, in duplicate, consist 
of four cells each having a capacity of 2,400 ampere-hours. This 
battery furnishes current for the " disconnect " signals on the 
opei*ator s cords, and for the relays which cut out the subscriber's 
lamp signal when the operator answers his call, by plugging into 
the jack corresponding to the lamp signal. 

Half the drop in potential of the 8-volt battery is in the 4- 
volt lamp, «^.nd the other half in the cut-out relay. This battery 
is in duplicate, so that one can be charged while the other is being 
discharged. This avoids danger of burning out the lamps, as the 
voltage of the battery is raised from 8 to 10 volts during charg- 
ing. 

Each of the duplicate 4-volt batteries comprises six IS-cells 
arranged in two sets. One of these sets consists of four cells, two 
in series, two in multiple ; the other of two cells. The two extra 
cells are needed on one of the batteries to supply current for the 
operator's transmitters. The latter is arranged to furnish a cur- 
rent of four volts or two volts as desired. The 4-volt battery also 
furnishes all current for the lamp signals which light when a sub- 
scriber takes his telephone off the hook. This lamp is put out 
when the operator answers the call. This battery also is made in 
duplicate, one being charged while the other is discharged, to 
avoid burning out the lamp from the higher voltage during charge. 

Storage Batteries for Train Illumination. When cars are 
lighted by oil or gas lamps, these, owing to their size, and the heat 
produced by them, can be installed only in certain places, so 
that the distribution of light is not general, besides which, the 
beat and odor given off by the lamps are objectionable. The in* 
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flammable character of the illuminants involves great danger of 
explosion or fire in case of a train wreck. The absence of these 
disagreeable and dangerous features in electric lighting, is what 
has made its application so desirable in traction work. 

Several methods of electric illumination have been tried on 
railroad trains. In one of the simplest of these a small dynamo, 
on the locomotive truck, or one perched above the boiler, is driven 
by a small steam turbine. While this is an economical method, it 
has the objectioH, that when the locomotive is uncoupled, the cars 
must be illuminated by some other means. 

For this reason, the storage battery system of supply has 
been adopted. A description of one of tne most successful meth- 




Fig. 23. Method of Suspension Used by the ** Axle Light " System. 

ods is as follows : The "Axle Light" System, as its name implies, 
derives the motive power for its dynamo from the car axle. The 
mechanism is suspended from the bottom of the car, and is com- 
pletely encased, so as to be dust and water proof. It comprises a 
small dynamo driven from a pulley on the axle of the car by 
means of a friction coupling. 

The dynamo and driving mechanism are shown in Fig. 23. 
The former generates from 32-40 volts, depending upon the speed 
of the train provided that it exceeds 15 miles per hour, the dyna- 
mo being then automatically connected to the battery and lamp 
circuit. An automatic device rectifies the direction of current, so 
that even though the direction of rotation is reversed, the battery 
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is always charged in the proper direction. A variable resistance 
in series with the field coils is automatically adjusted by a small 
motor, so that even at high speed the normal limit of voltage is 
not exceeded. 

The lamps are 16 C. P. at 30 volts, the filaments being short 
and heavy so that they are not injured by vibration. 

After the storage battery has been charged, it acts in parallel 
with the dynamo and avoids fluctuations in voltage. When the 
car stops, the dynamo is automatically cut out and the full supply 
of current is furnished by the battery, which is large enough for 
a ten-hour supply at full load. 

Storage Batteries for Electrical Laboratories. The great 
advantage of this source of power in electrical laboratories, is the 
fact that any variation in the voltage is very gradual, and by the 
simple regulation of a rheostat in series with the battery, the oper- 
ator can keep his voltage and current absolutely constant, while a 
test or calibration is being made. When a large current is wanted, 
as in the ease of ammeter calibration, the cells may be connected 
in parallel, and discharged through a low resistance, thus cutting 
down the energy required for the test. A storage battery may 
also be used to step up the voltage, the cells being connected in 
parallel groups for charging and in series for discharging. 

Connection and Regulation of Storage Batteries. The com- 
plete control of a battery in an electric-lighting plant requires 
provision to be made for feeding the lamps, etc., from either the 
dynamo or battery separately, or from the two working in parallel; 
and it should be possible to charge the battery at the same time 
that lamps are being supplied. To accomplish these results re- 
quires three switches, — one to connect the battery to the dynamo, 
one to connect the lamps to the dynamo and one to connect the 
lamps to the battery. In some plants the second switch is omitted, 
because the lamps are always fed by the battery alone, the latter 
being charged during the day, when no lamps are in use. How- 
ever, it would seem desirable to have all three switches in every 
plant in order to be able, at least, to supply lamps and charge the 
battery at any time. In the battery circuit there should be an 
amperemeter having a scale on both sides of zero, so that it shows 
whether the battery is being charged or discharged, as well as the 
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value of tlio current. Another amperemeter is required in the 
circuit between the dynamo and the battery, to show the direc- 
tion and amount of current. A third amperemeter is desirable in 
the lamp circuit, to show the total current supplied to the lamps ; but 
it need only indicate on one side of zero, since the current there 
always flows in the same direction. A voltmeter is required with 
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V'lg. 24. Switchboard, Dynamo and Battery Connections. 

a three-way switch, which enables it to be connected to the 
dynamo, battery, or lamps respectively. 

An automatic overload switch must be inserted in the battery 
circuit so as to open or introduce resistance into the circuit when 
the current becomes excessive. An automatic cut-out is required 
between the dynamo and the battery to open the circuit when the 
charging current falls below a certain value, and thus avoid any 
danger of the battery discharging through the dynamo, if from 
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any cause the E.M.F. of the latter drops below that of the former. 
This completes the ordinary measuring and circuit-controlling 
apparatus employed in connection with storage Imtteries. The 
arrangement is shown diagram matically in Fig. 24, in which A 
and A^ are the two amperemeters, the third one being omitted in 
this case ; V is the voltmeter ; E the voltmeter switch to connect 
to the dynamo, battery, or lamps as desired ; G the bus bars ; L, 
lamps ; D, dynamo ; R, rheostat in field-circuit of dynamo. 
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Fig. 25. Face of Switchboard. 

The regulating device consists of eleven end cells, which are 
connected to corresponding contacts on the end cell switches 
(Fig. 24). But as the drawing of these connections would com- 
plicate the figure, they have been omitted. P^ig. 25 shows the 
switchboard with these devices mounted upon it. 

The Regulation of Storage Batteries is one of the most 
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troublesome matters involved iii their practical use. This arises 
from the fact that the voltage falls continually from the begin- 
ning to the end of discharge. To be sure, this decline is gradual; 
but its total value is large, being from about 2.2 to about 1.8 volts, 
which IS a decrease of nearlv 18 per cent. 

In order to maintain a constant voltage, the usual plan is. to 
have a numljer of extra cells, which are successively switched into 
circuit as the potential falls. These reserve cells and the switches 
which control them are represented in Fig. 24. 

The contact pieces of these switches must be made in such a 
way that they do not short-circuit the cells as they pass from one 
point to the next. This is accomplished by splitting the movable 
contact arm into two parts, between which a certain amount of 
resistance is introduced, so that when the two parts happen to rest 
on two adjacent contact points, the resistance prevents the cell 
which is connected to these two points from being short-circuited, 
and also avoids breaking the circuit. 

The number of extra cells depends upon the conditions ; for 
110 volt lamps, it would require 61 cells to obtain 112.2 volts 
when fully charged and giving 2.2 volts each, assuming the drop 
on the conductors at 2 per cent. When the battery becomes dis- 
charged, and its potential falls to 1.8 volts per element, 10 addi- 
tional cells or 61 in all, would be needed. These would yield 
111.8 volts, assuming the average potential of the reserve cells to 
be 2 volts, since they have not been discharged to the same extent 
as the original battery. If the drop on the conductors is 10 per 
cent of tlie lamp voltage, the potential at the battery will have to 
be 110 -|- 11 = 121. This will necessitate 4 more elements, or 
a total of 65 when the 61 original cells are fully discharged to. 1.8 
volts, and the 14 extra cells give 2 volts each. 

For a three wire system the above figures should, of course, 
be doubled. This switching of extra cells into and out of the 
circuit obviously results in discharging them unequally, hence 
they require to be charged to a corresponding extent. This is 
accomplished by successively cutting the cells out of circuit as 
soon as they become fully charged, the last cell which was put 
into the circuit being fully charged in the shortest time, and so 
on. The amount of charge is determined by the methods already 
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given. If the cells employed are not injured by overcharging, 
they may be left in circuit until the entire battery is fully charged. 
This saves the trouble of operating the switch ; but it is wasteful 
of energy, since the full counter E. M. F. and resistance of the 
charged cells must be overcome, which requires about 2.5 volts 
more per element. The switches might be operated automatically 
by a voltage regulator or by clockwork. 

REGULATION OP GENERATOR IN CHARGING STORAGE 
BATTERIES. 

The variation in E. M. F. which occurs in accumulators 
renders it somewhat difficult to regulate the generators employed 
to charge them. A constant potential will give a decreasing rate 
of charge, owing to the gradual rise in counter E. M. F. This is 
advantageous, in that it enables the cells to receive a larger charge, 
but the increase in their voltage is so great that it is practically 
necessary to regulate the charging potential. In practice it is 
customary to maintain the charging current approximately con- 
stant for considerable periods of time, otherwise it would be diffi- 
cult to determine the quantity of energy put into the battery, and 
its efficiency. When extra cells are used they facilitate the regu- 
lation of the generator, since they are gradually cut out as the 
E. M. F. rises. 

If the lamps are supplied at the same time that the battery is 
being charged, some provision must be made for the fact that it 
may be necessary for the voltage of the dynamo to be considerably 
higher than that required by the lamps. One plan is to have two 
se])arate switches connected to the reserve cells, as shown in Fig. 
24, the charging current from the dynamo being led in through 
one, and the current for the lamps passing out through the other, 
so that the potential can be independently controlled in the two 
circuits. Another method is to insert counter E. M. F. cells (with- 
out active material) in the circuit between the dynamo and the 
lamps, in order to bring down the voltage of the former to suit 
the latter. The number of these cells is varied in accordance with 
the excess of the potential of the dynamo. 

Simple resistance coils may be used in place of the counter 
E. M. F. cells to reduce the pressure ; but the cells have the great 
advantage, that they have an effect practically independent oi 
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variations in the current. All of these methods, however, involve 
a waste of power, the value of which in watts is the product of 
the current in amperes, and the number of volts by which tlie 
potential is cut down. In small plants this loss is not serious, 
but in large plants or central stations it may become very consid- 
erable. 

Booster Methods of Regulation. The best plan is to make 
use of a '' booster ; " in which case the main dynamos are run at 
the proper voltage to supply the lamps directly, and the additional 
pressure required to charge the batteiy is furnished by the booster. 
ThLs is connected in series with the dynamo, being inserted in the 
circuit between the latter and the battery. 

When a batter}^ is placed at the end of a long feeder to com- 
pensate for line drop, and at light loads to act as a storage reservoir 
it is not usual to equip this '• floating battery" with any regulating 
device. In such cases the battery is simply connected across the 
line, and the charge and discharge are determined by the feeder 
drop. For instance, when a small load is on the line, the drop is 
small, and the potential applied across the battery terminals is 
high enough to send a charging current into the battery, if the 
load on the lino increases the drop naturally increases, the pressure 
at the end of the line falls, and if it falls below the battery voltage, 
the battery discharges in parallel with the generator, and carries a 
certain portion of the load. The "floating battery" has the advan- 
tage of simplicity, and acts immediately, as it has no time lag 
which is always present in any apparatus depending upon changes 
in magnetization. Usually the variations in voltage and the 
fluctuations in load are too great for successful operation of a float- 
ing battery on any but an electric railway or power circuit, and 
a booster would be required if incandescent lighting be a part of 
the load. 

The duty of a booster is to vary the voltage at the battery 
terminals with variation in load, causing charging or discharging 
of current as conditions may require. The booster is an auxiliary 
dynamo, the E. M. F. of which is used to raise or lower the voltage 
in the battery circuit. These machines are classified as series, 
shunt, compound, differential and constant current boosters. 

The Shunt Booster is a shunt dynamo, driven by any source 
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of power, having its armature circuit in series with the line from 
generator to battery. Tills form is used in plants, where the bat- 

Amp. 




Fig. 26. Load Diagram of Case where Shunt Booster is Applicable. 

tory is not designed to take up load fluctuations, but is in service 
only to carry the peak of the load, being charged during periods 
of light load, and discharged in parallel with the generator. It 
acts to increase the voltage applied to the battery so that the 




£V?d CeUs 
Fig. 27. Diai^raiii of Shunt Booster Connections. 

charging current will ih»\v into tin* latter. As a v\\\i' the batteiy 
lused in conjunction witli a shunt booster is made large enough to 
carry the entire load during the light load period. As the battery 
discharges and its voltage drops, the *' end cells " (regulation eellfi) 
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are cut in and the proper voltage maintained. Fig. 26 shows a 
load diagram to which this system is applicable, and Fig. 27 shows 
diagramatically the connections of this system. A rheostat is used 
to vary the booster voltage, so as to hasten the charging of the 
battery if desired. It is to be noted that the shunt booster is not 
applicable where there are sudden fluctuations that are great com- 
pared with the capacity of the generator, and that it is not auto- 
matic in changing from charge to discharge, the switching being 
performed by hand. 

Series Booster. The connections are like those of the shunt 
booster with the battery and booster in series across the line but 
the field of the booster being in series with the batteiy circuit, its 
E. M. F. is zero when no current is flowing in or out of the 
battery. Should the voltage of the line rise, due to a decrease of 
load, and a charging current flow into the battery, the E. M. F. of 
the booster would increase, and thus tend to increase the rate 
of charge. The reverse occurs when the battery discharges, as an 
increase of load on the line increases the current through the 
series field of the booster, thus raising the voltage of discharge so 
that the battery carries a larger part of the load. 

This booster acts to compound the battery on discharge, and 
tends to maintain a constant voltage on the line. It depends on 
the fact that the generator voltage falls when the load increases; 
hence it is used with a shunt generator or equivalent source of 
supply. 

This system is applicable to power but not to lighting pur- 
poses, and is similar in its operation to a " floating battery." It is 
not as extensively used as the compound and differential booster 
arrangements which give better regulation under similar con- 
ditions. 

Compound Booster. This system is used on railway and 
power curcuits with great fluctuations in load, the battery acting 
to prevent excessive drop and to assist the generating machinery in 
carrying the load, relieving it from the strain of sudden rushes of 
current. The connections of this system are indicated in Fig. 28, 
and the operation is as follows : — Under normal load conditions 
the shunt field Fh of the booster creates an E. M. F. in the same 
direction as the battery, tending to discharge it. Calling Eg the 
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generator E. M. F. E^, tlie booster E. M. F. and Ei, the battery 
E. M. F., we liave E^-E^ = E;^ when no current is flowing into or out 
of the battery. In tliis case the generator carries the whole external 
load. 

If the load increases E^ decreases, so tluit E^— E^^ is greater 
than Eg, and the battery begins to discharge. In discharging, the 
current passes tli rough the series field Fs of the booster and pro- 
duces a proportional E. M. F., acting with the shunt field to raise 




Fig. 128. Diagram of Coiupouud Booster Connections. 

E^, thus increasing the battery discharge and shifting more of the 
load from the generator, until the system becomes balanced. 

If the load on the externa) circuit be light, the generator 
voltage E^, rises and current flows into the batteiy. In this case 
the series field acts against the shunt field and decreases E^? so 
that the generator voltage is greater than booster and battery vol- 
tag(». combined, thus increasing the rate of charge of the battery, 
until the load causes the generator voltage to drop to normal and 
the system is again balanced. The battery and booster can be 
])lac(Ml at the ])o\ver house or at the point at which the greatest 
drop is likely to occur. 

A battery can idso be used to help out the g(»nerators at the 
]K'ak of th(* load, by increasing the shunt field current and thus 
causing- Iv-I^,, to be gr(»at(M' than E . 

Since this system also dep(»nds for its action upon the drop 
of v()ltag(^ with increase of load, it is only applicable to shunt 
wound generators or equivalent source. 

Differential Boosters. The differential booster .system most 
commoidy uscmI, is shown in Fig. 20. 

Tlie com])ensating field S, prevents the variation of the lat- 
tery E. M. F. from disturbing the equilibrium of the system. If 
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tlie battery E. M. F. be lower than normal it will not discharge 
rapidly enough to relieve the generator from overload fluctuations, 
imless the booster E. M. F. be increased, and the generator will 
therefore have to supply a current of greater than its nonnal 
value. If however a current of greater value than the normal 
flows through Sj, the value of (f— Sj) is decreased, and Sg still further 
overpowei-s the resultant of (f-S,) and causes a higher booster 
E. M. F. tending to discharge the batteiy, and thus brings down the 
generator load to normal. Should the battery E. M. F. be above 
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Fig. 29. Diagram of Differential Booster Connections. 

its normal value, the battery would discharge too rapidly and carry 
more than its share of the load ; in this case (f-Sj) is greater than 
it should be, and the booster E. M. F. causes the load to become 
evenly distributed between the battery and generator. 

In operating this system the varying load must be beyond 
the booster equipment. If desired the coils Sj and Sg may be 
short circuited so that the battery may be charged more rapidly. 

Constant Current Booster. In systems having short lines 
and small drop it is often desirable to have the voltage fall on 
sudden application of an overload, so that the rush of excessive 
current is prevented. This rush of current occurs in buildings 
where elevator and power motors constitute a large percentage of 
the load, and to prevent it, the constant current booster system is 
used. 

Fig. 30 represents a constant current booster system, in which 
the main current passes through the armature and series field of 
the booster, and this current does not reverse. 

The voltage impressed on a fluctuating load of motors on the 
right, is greater than that impressed on a non-fluctuating load of 
lamps on the left, by the amount of the booster voltage. 
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The shunt coil f creates an E. M. F. in the same direction as 
the generator E. M. F., while the series coil F opposes it. 

Should a load come in the motor portion of the circuit, the 
generator sends a greater current through the series coil S, the 
action of which reduces the booster E. M. F. in direct proportion 
to this rush of current, and causes the booster E. M. F. to vary 
inversely as the motor load, thus tending to maintain an almost 
constant current deliverj^ from generator. If it is desired to have 



^ 



ii$hfs 




iSi ^ihorfOrcmtrnq Switch i 
If ^ B Bi»3fii- 

Fig. 30. Diagram of Constant Current Booster Connections. 

the battery furnish power to both the lights and motors, at periods 
of light load, and not use the generator, this can be done by simply 
opening generator switch and short circuiting the booster by clos- 
ing switch Sg. 

The switch Sj is closed in charging the batteiy, as the rate 
of charge can be controlled by varying the shunt field resistance 
R. This is often done, when tlie l)attery has been carrying a 
lieavy load for some time and the recharging nnist be hurried. 
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The shunt coil f creates an E. M. F. in the same direction as 
the generator E. M. F., while the series coil F opposes it. 

Should a load come in the motor portion of the circuit, tlie 
generator sends a greater current through the series coil S, the 
action of which reduces the booster E. M. F. in direct proportion 
to this rush of current, and causes the booster E. M. F. to vary 
inversely as the motor load, thus tendhig to maintain an almost 
constant current deliver}^ from generator. If it is d(»sircd to have 
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Fig. 80. Diagram of Constant Current Booster Connections. 

the battery furnish power to both the lights and motors, at periods 
of light load, and not use the generator, this can b(»- done by simj)ly 
opening generator switch and sliort cinuiiting \]io booster by cJos- 
ing switch Sg. 

Tlie switcli Si is closed in (charging \]w batU^-y, as the rate 
of charge can be controlled by varying the slumt field resistances 
R. This is often done, when the battery has been (tarrying a 
heavy load for some time and the reerharging must b(»- hurried. 



EXAMINATION QUESTIONS. 

THE FOLLOWING LISTS OF QUESTIONS AFFORD THE 
READER A MEANS OF TESTING HIS KNOWLEDGE OF THE 
SUBJECTS TREATED IN THE PRESENT YOLU M E. ANYONE 
WHO HAS CAREFULLY READ THE FOREGOING SUBJECTS 
SHOULD BE ABLE TO ANSWER EVERY QUESTION COR- 
RECTLY. THE READL!^ IS ADVISED TO GO THROUGH THE 
QUESTIONS CAREFULLY, WORKING OUT HIS ANSWERS 
AND CHECKING HIS RESULTS WITH THE ANSWERS 
GIVEN. THIS WILL AFFORD A VALUABLE MEANS OF FIX- 
ING THE MATTER IN MIND. STUDENTS WHO ARE PRE- 
PARING FOR EXAMINATIONS FOR COLLEGE OR CIVIL 
SERVICE WILL FIND THE QUESTIONS OF THE GREATEST 
VALUE. 
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1. (a) Explain what is meant by electromotive force. (6) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

2. (a) What is necessaiy to cause an electric current to 
flow? (6) What is meant by the strength of a current? (c) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

3. What is the unit of resistance and by what value is it 
represented ? 

4. Upon what three general factore does resistance depend ? 

5. AVIiat length of copper wire 2 millimeters in diameter 
will have the same resistance as 12 yards, 1 millimeter in diameter? 

Ans. 48 yards. 
G. State Ohm's law. 

7. Two wires, whose resistances are respectively 28 and 24 
ohms, are placed in parallel in a circuit so that the current divides, 
j)art passing through each. What resistance is offered by them to 
the current? Ans. 12.92 + ohms. 

8. Fifty Grove's cells (E. M. F. — 1.8 volts) are in series, 
and united by a wire of 15 olims resistance. If the internal resist- 
ance of each cell is .8 ohm, w^hat is the current? Ans. 8 amperes. 

9. (^0 What is the unit of quantity of electricity? (/>) 
Deiine the ampere-hour. 

10. What is the jwwer in watts when 4000 joules of work 
are done in 50 minutes? Ans. 1.33 -{-watts. 

11. How many horse-power are equivalent to 83 kilowatts? 

Ans. Ill 4- horse-powen 
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by the sulphur, will it be attracted or repelled by the ivory, and 
why? 

19. What is an electroscope? 

20. Explain how polarization is overcome in double fluid 
cells. 

21. How may it be shown that the field of a magnet exerts 
its influence in certain definite directions? 

22. What are the essential parts of a condenser? 

23. How may it be shown that the charge upon a body 
resides upon its surface? 

24. What is meant by the terms *' primary coil" and "sec- 
ondary coil " ? 

25. How does the method of "forming" the plates of a 
Plants cell differ from that of '^forming" plates of the Faure 
type? 

26. Why does attraction take place between a charged body 
and a conductor brought within its inductive influence ? 

27. In what manner does polarization decrease the power of 
a cell ? 

28. State three ways in which a current may be induced in 
a coil of wire. 

29. What is meant by electrolysis ? What is an electrolyte? 
An anode? A kathode? 

30. Upon what main factors does the amount of charge in- 
duced by a charged body upon a conducting body depend ? 

31. State Joule's law. 

32. How may it be shown that a wire carrying a current is 
surrounded by a magnetic field ? 

33. (a) When glass is rubbed by wool, which substance 
receives a positive charge, and which one a negative charge? (6) 
Does the charge produced on the glass exceed in quantity that 
produced on the wool ? 

34. Why is it possible to obtain very high electromotive 
forces by means of the induction coil ? 

35. Explain why there is no gain in energy by use of tae 
electrophorus without a corresponding expenditure of work. 
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1. (a) Explain what is meant by electromotive force. (J) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

2. (a) What is necessaiy to cause an electric current to 
flow? (6) AVhat is meant by the strength of a current? (c*) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

3. What is the unit of resistance and by what value is it 
represented ? 

4. Upon what three general factors does resistance depend ? 

5. What length of copper wire 2 millimeters in diameter 
will have the same resistance as 12 yards, 1 millimeter in diameter? 

Ans. 48 yards. 
G. State Ohm's law. 

7. Two wires, whose resistances are respectively 28 and 24 
ohms, are placed in parallel in a circuit so that the current divides, 
part passing through each. What resisttince is offered by them to 
the current? Ans. 12.92 + ohms. 

8. Fifty Grove's cells (E. M. F. — 1.8 volts) are in series, 
and united by a wire of 15 ohms resistance. If the internal resist- 
ance of each cell is .8 ohm, what is the current? Ans. 8 amperes. 

9. (<0 Wluit is the unit of quantity of electricity? (A) 
Deiine the ampere-hour. 

10. What is the power in watts when 4000 joules of work 
are done in 50 minutes? Ans. 1.33 -{-watts. 

11. How many horse-power are equivalent to 83 kilowatts? 

Ans. Ill 4- l»orse-power. 
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12. What is a shunt circuit? 

13. A current of 18 amperes flows in a circuit whose resist- 
ance is 116 ohms. What is the voltage ? Ans. 2088 volts. 

14. The resistance of 312 feet of a certain wire is 2.08 
oinns. What would be the resistance of 240 feet of the s.ime 
wire? Ans. 1.6 ohms. 

15. A total current of 56 amperes passes through a divided 
circuit having the resistance of its branches equal to 28 and 4 
ohms respectively. What is the current in each branch ? 

In the 28-ohm branch, 7 amperes. 
In the 4-ohm branch, 49 amperes. 

16. What is the value of the current when 4 ampere-hours 
are delivered in a circuit in 20 minutes? Ans. 12 amperes. 

17. (a) Define the joule. (6) Define the watt. 

18. A 220-volt circuit supplies a current of 18 amperes. 
What is the power in kilowatts? Ans. 3.96 K. W. ' 

19. If the resistance of a certain wire is 2.3 ohms per 1000 
feet, how many feet of the wire will be required to make up a 
resistance of 17.8 ohms? Ans. 7739 -|- feet. 

20. What is the resistance of a wire having a diameter of 
.2 inch if the resistance of the same length of similar wire having 
a diameter of .04 inch is 64.2 ohms ? Ans. 2.56 + ohms. » 

21. Define specific resistance. 

22. Tlie resistance of a circuit is 1.8^ohms and the voltage 
is 110. What is the current? Ans. 61 -}- amperes. 

23. A circuit contains a voltaic cell generating an electro- 
motive force of 1 volt. Its electrodes are connected by three 
wires in parallel of 2, 3, and 4 ohms resistance respectively. The 
resistance of the cell is -Jg- ohm. What is the current? 

Ans. 1 ampere. 

24. Eight cells each having an E. M. F. of .9 volt and an 
internal resistance of .6 ohm are connected in parallel, and the 
external resistance is 3.4 ohms. Find the current. 

Ans. .26 ampere (approx.). 

25. What quantity of electricity will be conveyed by a cur- 
rent of 40 amperes in half an hour? Ans. 72,000 coulombs. 

26. The resistance of a circuit is 10 ohms, and the current 
is 33 amperes. What is the power in watts ? Ans. 10,890 watts. 
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27. How many watts are equivalent to 14 horse-power? 

Ans. 10,444 watts. 

28. Five conductors having resistances respectively equal 
to 14, 3, 20, 31 and 8 ohms are joined in series, and the E. M. F. 
applied to the circuit is 50 volts. What is the current? 

Ans. .65 amperes. 

29. (a) Define conductance. (6) Define conductivity. 

30. What is the resistance of 10 feet of annealed gold wire 
.001 inch in diameter at 32° F., if the resistance of an inch cube 
of the substance at 32° F. is .8079 microhm? Ans. 123-}- ohms. 

31. A copper wire has a resistance of 13.5 ohms at 43° F. 
What is its resistance at 57° F? Ans. 13.91-|-ornearly 14 ohms. 

32. What must be the resistance of a 220-volt circuit if the 
current is to be 70 amperes ? Ans. 3.14 -[- ohms. 

33. The E. M. F. applied to a circuit is 582, and the cur- 
rent is 8 amperes. A number of lamps connected in the circuit 
require a total drop of 522 volts. Find the resistance of the 
remaining portion of the circuit. Ans. 7.5 ohms. 

34. A circuit is made up of six wires connected in parallel 
and having resistances of 72, 60, 21, 36, 40 and 210 ohms respec- 
tively. Find their joint resistance. Ans. 7.3 -f- olims. 

35. When a cell, \yhich has an internal resistance of 1.39 
ohms and an E. M. F. on open circuit of 1.32 volts, is supplying a 
current of .29 ampere, what is its available E. M. F. ? 

Ans. .92 volts (approx.). 

36. With a current of 20 amperes how much time will be 
required to deliver 4,000 coulombs. Ans. 3 minutes, 20 seconds. 

37. The voltage of a circuit is 103 and the current is .5 
ampere. What energy is expended in a minute and a half? 

Ans. 4685 joules. 

38. The resistance of a coil of platinoid wire at 98° C. is 
3014 ohms. What resistance would the coil have at 18° C. ? 

Ans. 2962 ohms (approx.). 

39. What is the resistance of 28 feet of No. 6 (B. & S.) 
pure copper wire at 90° F. ? Ans. .0118 + ohm. 

40. If a resistance of 116 olims ])e inserted i i a circuit, and 
it is desired to maintain a (constant current of 9.() amperes, how 
much must the voltage of the circuit be increased ? 

Ans. 1113+ volt^ 
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41. When a current of 14 amperes flows in a circuit whose 
resistance is 54 ohms, what energy in .kilowatt-hours is expended 
in half an hour? Ans. 5.292 kilowatt-hours, 

42. Explain the difference between the kilowatt and the 
kilowatt-hour. 

43. AVhat numl)er of Cc'^.lories will be developed by a current 
of .14 ampere flowing through a wire of 4 ohms resistance for 5 
minutes ? Ans. 5.6-1- calories. 

44. The voltage applied to a circuit in which three wires 
are connected in parallel is 107. Find the current in each branch 
if the separate resistances are respectively 43, 9 and 25 ohms. 

In 43-ohm branch, 2.4 + amperes, 
Ans. In 9 -ohm branch, 11 + amperes. 
In 25-ohm branch, 4.2 + amperes, 

45. How many horse-power are equivalent to 1048 watts ? 

Ans. 1.4 + horse-power. 

46. If the resistance of 1 foot of annealed silver wire .001 
inch in diameter at 32° F. is approximately 9.02 ohms, what is 
the resistance of 4 miles of the wire .01 inch in diameter at a 
temperature of 90° F. ? Ans. 2137 + ohms. 

47. Twenty large Leclanche cells (E. M. F. = 1.5 volts, 
resistance i= 0.5 ohm each) are in a circuit in which the external 
resistance is 10 ohms. Find the strength of current which flows 
(a) when the cells are joined in series ; (6) when all the cells are 
in parallel ; (6?) when there are 2 files each having 10 cells in 
series ; and (c?) when there are 4 files each having 5 cells in series. 

Ans. Amperes (a) 1.5; (6) 0.149; ((?) 1.2; (d^ 0.706. 

48. How many kilowatts are equivalent to 150 horse-power? 

Ans. 111.9 K. W. 

49. If a current of 9.3 amperes flows when the voltage of a 
circuit is 110, how much resistance must be inserted in the circuit 
to reduce the current to 3.4 amperes ? Ans. 20 -J- ohms (approx.). 

50. A current of 26 amperes is flowing in a circuit which 
has a voltage of 500. What is the equivalent power in mechani- 
cal units ? Ans. 17.4 + horse-power. 
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1. Under what conditions is "fishing" of wires allowed? 
Explain the process. 

2. In conduit work how many quarter bends are allowed 
from outlet to outlet ? 

3. Tell what you can about flexible cord. 

4. Where should cut-outs or circuit breakers be located for 
house wiring ? 

5. What must be the voltage of the dynamo in order to sup- 
ply lamps or motors in a 110-volt system, with a 5 per cent loss? 

6. What is a cull pole ? 

7. AVheu a high-potential machine lias its frame grounded, 
what precautions should be taken for the protection of the at- 
tendant ? 

8. What can you say about the rules to be followed when 
installing wires ? 

9. Give a rule for the proper depth to which to S(»t a pole. 

10. ITow would you ground a dyiiamo frame? 

11. What is the least allowable radius of curvature in con- 
duit work ? 

12. State the rule to be followed in starting or stopping 
motors. 

13. What is tlie objection to putting the ground wire from a 
lightning arrester into an iron ])ipe ? 

14. State briefly the requirements for interior wiring ^'n th' 
case of series arc lighting work. 
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15. Describe the care which should be given to the brushes 
to keep them in good condition. 

IG. Describe a piece of apparatus for protecting the arma- 
ture of a motor. 

17. Why should standard rubber-covered wires be used in 
conduit work ? 

18. What is the least space that should be left between 

(a) The switchboard and the floor? 

(b) The switchboard and the ceiling? 

19. What is the largest permissible current dependent upon 
one cut-out ? 

20. What insulation resistance is required between gas pipe 
attachments and an insulating joint ? 

21. Under what conditions should the frame of a dynamo be 
grounded ? 

22. What kind of wire must be used in moulding work ? 

23. What can you say about wiring for damp places ? 

24. In wliich direction does the armature of a generator 
usually revolve ? 

25. Determine by use of table on page 40 what size of wire 
should be used to supply 75 16-candle-power incandescent lights, 
110 volts, loss 3 volts, and at a distance of 200 feet to center of 
distribution. 

26. What is the best material for poles? 

27. Describe a method of setting the brushes so that they 
will be diametrically opposite each other. 

28. In splicing two pieces of wire, what precautions are 
necessary ? 

29. What size of wire will be required to supply a 10-horse- 
power motor on a 500-volt circuit at a distance of 200 feet with 15 
volts' drop ? 

30. What current is taken by the motor referred to in Ques- 
tion 29 ? 

31. Describe the connections for the three-wire system. 

32. Determine by formula the size of wire for 40 16-candle- 
power incandescent lights on a 110-volt circuit with 5 volts^ drop 
at a distance of 150 feet. 
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1. What is the lowest voltage to which a lead Lattery should 
be discharged? 

2. What means may be employed to make up for the drop 
in potential of storage batteries during discharge ? 

3. What causes sulphating? 

4. What plate of a storage battery is the positive ? 

5. Describe the several indications by which the fimount of 
charge in a storage battery can be determined. 

6. How is the capacity of a storage battery usually ex- 
pressed ? 

7. What is an electrolyte ? 

8. What is meant by a floating ])attory, and when it is ap- 
plicable ? 

9. How must a storage battery room be arranged ? 

10. What causes buckling? 

11. Why are there always more negative plates than posi- 
tive plates in a storage battery ? 

12. Give several applications of storage batteries. 

13. When a storage battery is charged what is found on the 
positive plate and what is found on the negative plate, and what 
occurs when the cell is discharged ? 

14. What is the maximum voltage obtainable from a lead 
storage cell ? 

15. How may sulphating and buckling be prevented^ 

16. How would you put a battery out of commissior ^^' > 
long period, and how would you place it in service again ? 
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17. What is the difference in construction between Faure 
and Plants plates ? 

18. What is the essential difference between a primary and 
storage battery ? 

19. What instruments are required on a storage battery 
switclil)oar(], and how are they connected? 

20. If a battery l)e discharged at a greater rate than its 
normal, how does it temporarily affect the capacity of the cell? 

21. What impurities in the electrolyte must be guarded 
against, how is their presence caused, and how determined? 

22. AVhich type of cell has the larger storage capacity per 
lb. of cell, and why; the Faure or Plante? 

23. Why is the storage battery useful in electrical laborato- 
ries? 

24. What is the specific gravity of the electrolyte of a lead 
cell when fully charged, and about what when discharged ? 

25. What is the constant current booster system, and where 
is it most applicable ? 
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ELECTRIC CTTRRENT: Resistance; Conductance; Tables; ***^ 
Calculations; Coefficients; Wire Tables; Ohm's Law; 
Circuits; Fall of Potential; Electric Energy; Power; fg 
Coulomb; Joule; Watt; Mechanical Equivalent; Plants. 

THEORY OF DYNAMO-ELECTRIC MACHINERY: Symbols; 
Lines of Force; Induction; The Generator; Commutator; 
Permeability; Saturation; Hysteresis; Armature Reaction; 
Neutral Point; Lead; Demagnetization; Types of Fields; Series, Shunt and Compound 
Windings. 

DIRECT CURRENT DYNAMOS: Constant Current; Constant Potential; Characteristic 
Curves; External; Internal; Total. Long and Short Shui '., Magneto-motive Force; 
Magnetic Reluctance; Magnetizing Force. Field Magnets. Dynamo Construction: 
Armature; Armature Core and Windings; Binding Wires; Closed and Open Coil 
Armature Commutators; Brushes; Brush Holders; Field Magnets and Coils. Sparking. 
Installation. Operation. Testing. 

DIRECT CURRENT MOTORS: Principles; Equations: Counter E. M. P.; Torque and 
Speed; The Prony Brake; Shunt and Series Motors; Compound Motor; Series Motor; 
Regulation; Transformers; Generator and Motor in Combination; Calculations. 

TYPES OF DYNAMO-ELECTRIC MACHINERY. DIRECT CURRENT. Classes; Methods 
of Driving; Types: General Electric; Crocker- Wheeler; Westinghouse; Bullock; 
C and C; Iloltzer-Cabot. etc.: Electrolytic Work; Arc Lighting Generators; Railway 
Motors; Motor-Generators and Dyna-motors. 

MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY: Selec- 
tion; Erection; Connection; Operation; Construction; Hand- 
ling; Regulation; Foundations; Installation; Belts; As- 
sembling; Wiring: Circuit Breakers: Circuits; Starting; 
Stopping; (ienerators in Parallel; Generators in Series; 
Three- wire System; Inspecting; Testing; Detection and 
Remedy of Troul)les; Sparking; Heating; Noise; Railway 
Motors. 
ELECTRIC WIRING: Wires; Coverings: .Joints; Wiring Fix- 
tures; Cleats; Casings; Tunnels; Switclies; Plugs; Sockets; 
Fuses; Meters; Applications: Plans and Specifications; Fire 
Risks; Insurance Rules and Regulations; Inspectors. 
STORAGE BATTERIES: Plante; Faure; Forming Plates; Setting up; Electrolyte; Tests; 
Discharging; Efficiency: Sulphuting; Buckling; Disintegrating; Short Circuiting; 
Over Discharging; I'ses; Connections; Diagrams; Switches; Regulation of Charging 
Generator; Boosters. 
ELECTRIC LIGHTING: Lamps; Candle Power; Incandescent Lamps; Arc Lights; Sys- 
tems of Distribution. Feeders; Potential; Ix>cation of Lamps; Power Required; Location 
and E<iuii)nient of Plant; Overhead and Underground Systems; Wiring of Buildings; 
Size of Wire; Cnlculati(>ns. 
ELECTRIC RAILWAYS: Car Equipment; Armature Colls. I^oads and Brushes. Inspec- 
tion; G<Miring: Lubrication; Bearings; Motor Suspension; Contr<»llers and Car Wiring; 
Series Parallel Control; Rheostat Contnjl; Controller ('(uistructlon and Wiring; Mag- 
netic Bl<»w-out; Multiple I'nit System; Car Heaters; Car Wiring; Resistances; Car 
Accessorb's; Trucks; Bnikes; Air Brake: Magnetic Brak«'; Car Bodies; Overhead 
Construction: Trolley Wire; Feeders; lllgh-T«Mislon Lines; Tliinl Rail; C«>nduit Sys- 
tem; Track Construction; .I<»ints; Bonding and Return Circuits; Electndysls; Power 
Supply and Disti ibution; Alternating Current Transmission; Power Station; Switch 
Boards; Alternating Current Systems; Operation; Testing; Faults. 
ELECTRICAL MEASUREMENTS: Tnlts. Synib<ds for Physical Quantities. Galvanometers; 
Rheostats; Voltmeters; Ammeters: W.ittuieters: Measurenn-nt of Resistance. l^>catlng 
Faults; E. M. F. of Alternating Currents. Calibration of Voltujeters and Ammeters. 
MeasurenuMit of Energy. Qmintity and Capacity. 
ALTERNATING-CURRENT MACHINERY: Simple Alternator; Alternating E. M. F. and 
Current; Armature Cores and Windings; Cycb': Graphical Repn'sentatlon; Average 
Values; Effective Values: Form Factor; Instantaneous and Average Power; Harmonic 
E. M. F. and Current: Deflniti«)ns; Syncbnnilsm an<l Phase Dlfferen<-e; Maximum an'' 
Effective Values; Expression for Power; Inductance; Capacity; Reactan<e; Im 
pedance; Fundamental Equation: Resonance; Measuring Instrunu'uts; Measiirement 
of Power; Armature Reaction: Alterinitor Regulation; Excitation; Single Phase Al- 
teniator; Polyphase Alt<'rnator: Armature Wliullng; TyiM's; I^mses; Efficiencies; 
Ratinirs; Tests: Svncbronous Motor; Transformer; Transformer (Nuniections; Regula- 
tion; Types; Tests. Rotary Coiiverter: Power Ratings; Iiuiucti«m Motor; Statot 
Winding; .Motor (;enerat<«r: Switch Bo: r.'s an«l Stati«.n Appliances. 




CENTKAL STATIONS: Location; Buildings; Machinery; Measuring Instruments; f^wltoh- 
iKtunl; SturtiiiK; Stopping; Faults in (lonerators and Motors; Accumulators; Charging 
and Discliarging; Tn>iihl«>s. Power Transmission: Line I»ss; Direct and Alternating 
('nrr«Mit Sy«tonin; Voltages; Wiring; Transmission Lines; Losses; Illustratlye In- 
Hta nations. 



TELEPHONE PRACTICE 

A complete, practical course for all those engaged In Telephone Work. 



INSTRUCTION PAPERS IN THE COURSE 



Arlthniotic Part I. 

Arithmetic Part II. 

Arithmetic Part III. 

Elementary Al;;ebra and Men- 
suration. 
♦Heat. 
♦Elements of Chomlstry. 

Elements of Electricity. 

The Electric Current. 



•Theory of Dynamo-Eloetric Ma- 
cliinory. 

Types of Dynamo-Electric Ma- 
chinery. 

Electrical Measnrements. 

Telephony Part I. 

Telephony Part II. 

Telephony Part III. 

Telephony Part IV. 

Telephony Part V. 



•Optional. 




TELEPHONY 



SOUND AND ELECTRICflTY: Electrical Energy, Batteries, Primary 
and Sowndary Alternating Currents, Magnetism, Induction, Dy- 
namos, Electro-Static Capacity. 

HISTORY: Bell Receiver, Microphone. Early Transmitters, Modern 
Forms, Iliinniiiijs-IIughes, Berliner, Blake, Solid Back. 

TELEPHONE INSTRUMENTS: For Talking. Signalling. Bells, Gen- 
erators, Complete Telephone — Bridging and Series. 

TELEPHONE LINES: Arrangement, Metallic and Grounded Circuitg, 
DlHtrihutlon in Outline, Trunk Lines, Toll Lines, Subscriber 
Lines. 

LINE CONSTRUCTION: Classiflcation, Open Wire Lines, Materials 
of Construction, Poles, Pole Fittings, Cross Arms, Erection of 
Poles, Stringing Wire, Guying, Aerial Cable Lines, Stringing 
Suspension Wire. Suspension Cable, Cable Cross Arms. Under- 
ground Cal)le Lines, Subways, Manholes, Pulling in Cables, Splic- 
ing and Pot Heading, Terminal Points, Test Points, Distributing 
Points, Submarine Cable Lines. 

PROPERTIES: Transmission, Noisy Lines, Heavy Lines, Cross Talk — by Line, by Central 
OfTice Apparatus. Remedies. Retardation Coils, Repeating Coils, Transposition, Pupin's 
Load Colls. 

TELEPHONE EXCHANGE: Systems of Operating in OutUoe. Switchboards. Standard, Mul- 
tiple, Special. Main Distributing Board, Intermedfli^ Distributing Board, Exchange 
Wiring, SubHcriber and Trunk Circuits, Order Circuits^ Office Circuits. P6wer Appa- 
ratus. Primary Batteries, Secondary Batteries, Charging Machine, Ringing Current 
Ma<-hlne, Special Machines. 

TELEPHONE OPERATING: 

Calls, Trunk Calls. 

TOLL OPERATING: 

hoards. 

TELEPHONE SYSTEMS: Direct Line, Party Line, Code Signalling, 
Sj'lective Ringing, B. W. C. System, Four Party Systems, Auto- 
matic Systems, House Systems, Private Branch Exchanges. 

COMMON BATTERY SYSTEM: Theory, Switchboard, Subscriber's 
Apparatus, Circuits, Auxiliary Apparatus. 

TELEPHONE MAINTENANCE: Testing and Clearing Trouble, Wire 
(nilef « Desk, Testing Circuits and Apparatus, Wire Chief's Force, 
Method of Reporting and Clearing Trouble. 

CABLE MAINTENANCE: Testing New Cables, Cutting Into Service, 

Jjocating Faults, Replacing Defective Sections. ^ 

Also courses on Central Station Work, Electric Railways, Electric 
Lighting, Electric Wiring, Electric Telegraph, together with courses on 
Civil, Mechanical, Steam, and Sanitary Engineering — ^Architecture and 
Textiles. 



Operating Force, Operating Systems, Standard Board, Local 



Toll Boards, Toll Lines, Long Distance Switch- 




PARTIAL LIST OF TEXT-BOOK WRITERS AND INSTRUCTORS IN 
THE DEPARTMENT OF ELECTRICAL ENGINEERING. 



F. B. CROCKER, E. M., PH. D. 

Head of Dept. of Electrical Engineering, Columbia University. 
Past President, American Institute Electrical Engineers. 

H. C. CUSHING, JR. 

Consulting Electrical Engineer. 
Author of " Standard Wiring for Electric Light and Power." 

LAWRENCE K. SAGCR, S. B., LL. B. 

Formerly Assistant Examiner, U. S. Patent Office. 

WILLIAM ESTY, S. B. 

Professor of Electrical Engineering, 
Lehigh University. 

CHARLES L. GRIFFIN, S. B. 

Chief Draughtsman, Semet-Solvay Co. 

LOUIS DERR, S. B., A. M. 

Assistant Professor of Physics, 
Massachusetts Institute of Technology. 

WALTER B. SNOW. S. B. 

Mechanical Engineer, B. F. Sturtevant Co. 

ARTHUR L. RICE, M. M. E. 

Editor " The Engineer." 

CHARLES THOM 

Chief Quadruplex Department, 
Western Union Telegraph Co. 

WILLIAM C. BOYRER, M. E., M. M. E. 

Formerly Division Engineer, 
N. Y. and N.J.Tel. Co. 

GEORGE L. FOWLER, A. B., M. E. 

Consulting Engineer. 

CLARENCE E. FREEMAN, M. S. E. E. 

Professor of Electrical Engineering, 
Armour Institute of Technology. 

JOHN E. SNOW, M. S.. E. E. 

Associate Professor of Electrical Engineering, 
Armour Institute of Technology. 

CARL S. DOW, S. B. 

American School of Correspondence. 

HARRIS C. TROW, S. B. 

American School of Correspondence. 

JAMES R. CRAVATH 

Western Editor " Street Railway Journal.'* 
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